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Abstract 
The main purpose of this research was to identify factors which threaten the success of the 
Malaysia Thailand Myanmar (MTM) Campaign and to consider ways in which Foot and 
Mouth Disease (FMD) control may be improved such that Free Zone status can be more 
rapidly achieved.  
This is the first time that information has been compiled to formulate a critical analysis of 
the whole MTM Zone, to: identify risks to the zone, explore ways to minimise those risks 
and thus to consider the feasibility of eradicating FMD from the zone. The impact of this 
research will be felt within the MTM Zone where a reduction in FMD outbreaks would 
reduce the financial burden on livestock keepers and, potentially, improve access to more 
valuable export markets.  Targeting of disease in key livestock source areas would also 
likely impact positively on FMD control across South-East Asia and beyond to those 
countries which import South-East Asian livestock. 
This research study involved: gathering and analysis of existing data; and collection of raw 
field data and development of risk models. Snowball sampling was the method of choice in 
identifying livestock movement pathways destined for the MTM Zone. This involved 
identification of initial respondents known to be involved in livestock trade to the MTM 
Zone, and then asking those initial respondents about where and with whom they trade 
livestock. This information was then used to identify further respondents and thus identify 
stakeholder networks and livestock trading routes leading to the MTM Zone. Risk models 
were developed with the purpose of quantifying the risk of FMD entering the MTM Zone 
and to identify the major contributors to this risk.  
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The key conclusions of this research were: that the MTM Zone is highly vulnerable to 
incursions of FMD through live animal movement; that efforts should be made to improve 
data collection in the field and to improve reporting of these data to central bodies; that 
FMD should be addressed in key strategic areas along the livestock movement pathway; 
and that any control strategies should be formulated in light of the specific challenges 
faced by the MTM member countries.  The overarching conclusion of this research is that 
the MTM Zone is not a suitable place to initiate regional control of FMD in South-East 
Asia given that the Zone is largely a destination point for livestock and therefore, the 
success of the MTM Campaign largely depends upon the success of controlling FMD in 
key livestock source areas such as Central Myanmar. 
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1 Introduction 
1.1 Historical overview of the MTM Zone 
The MTM Zone was conceptualized following a regional meeting in 1999, conducted by 
the World Organisation for Animal Health (OIE), to review the South-East Asia Foot and 
Mouth Disease (SEAFMD) Campaign (which became the South-East Asia and China Foot 
and Mouth Disease (SEACFMD) Campaign in 2010). The review concluded that 
establishment of an FMD free zone to OIE recognised standards would be an effective way 
to progressively control and eradicate FMD in South-East Asia (SEAFMD RCU, 2002). It 
was decided at that time that the MTM Zone, comprising Southern Myanmar, Southern 
Thailand and all of Peninsular Malaysia would be a suitable location for this zone. The 
following reasons were given for selecting this area: the zone has natural advantages that 
favour FMD control and eradication (namely that it is surrounded by sea apart from a 
narrow entry point to the north of the zone); there was a relatively high chance of success; 
and it was a good tripartite example of the need for international cooperation with potential 
benefits to all three participating countries (SEAFMD RCU, 2002). However, despite the 
perceived advantages of the MTM region as a disease control zone, the MTM Campaign 
has, thus far, been unable to make significant progress towards the eradication of FMD 
from the zone. 
1.2 Aim of the thesis 
This thesis aims to explore epidemiological and risk-based approaches to support 
acceleration of achievement of foot and mouth disease (FMD) free zone status on the 
Malaysia, Thailand and Myanmar (MTM) Peninsula. The results of this research will be 
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used to develop recommendations to the MTM Tri-State Commission, the governing body 
of the MTM Campaign, to assist the commission in guiding the future direction of the 
campaign. It is also intended that the results arising from this research may be used in 
attracting donor support for specific disease control programs within the MTM member 
countries and may also be used by other countries in the region which face similar 
challenges to those faced in the MTM Zone. 
1.3 Scope of the thesis 
The research conducted in this thesis will identify factors which threaten the successful 
eradication of FMD from this region. An area of particular interest is the risk of 
introduction of FMD into the MTM Zone given that previous research has shown the 
MTM Zone to be vulnerable to incursions of FMD from areas outside the zone (Banks, 
2004; Wongsathapornchai et al., 2008a).  
By identifying major risks to the MTM Zone, in terms of incursion of FMD, this research 
will begin to highlight ways in which these risks may be mitigated, thus reducing the threat 
of FMD incursions into the MTM Zone and aiding the campaign in its bid to eradicate 
FMD from the MTM Peninsula.   
While this research predominantly focuses on the introduction of FMD into the zone, some 
emphasis will also be placed on improved control of FMD within the zone itself. This 
component of the research will not go as far as recommending specific control measures 
but it will highlight what is known of the epidemiology of FMD in the zone and where 
further research and/or surveillance may be targeted to improve the understanding of FMD 
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in this region, thus allowing the MTM Tri-State Commission to be better equipped to make 
decisions regarding future disease control measures. 
This project is expected to culminate in a clear understanding of the risks to the MTM 
Campaign in terms of the pathways through which FMD may enter the MTM Zone and the 
factors which constrain the successful eradication of FMD in this region. The research will 
also expand into how these risks may be reduced through implementation of risk 
mitigation measures at strategic points within the identified pathways. A strategic analysis 
of the MTM Zone and a retrospective analysis of FMD in the zone will be used to 
highlight areas where further research is required or where MTM members may more 
effectively target resources in terms of surveillance activities.  
1.4 Principles and Methodology 
The methodological approaches used in this research project are discussed at length in the 
literature review (Chapter Two) and again within each study chapter. Therefore, a 
summary only will be provided here. The methodologies applied to data collection and 
analysis in this project reflects the constraints in data availability in developing countries. 
Much of the research conducted within this project involved reviewing data currently 
available in the MTM member countries, emphasising gaps in this data and considering 
how such gaps might be addressed. 
The main field data collection component of the project employed a methodology which 
took into account the lack of livestock movement data available and the difficulty in 
identifying individual stakeholders in the livestock trade industry of the MTM member 
countries. Given these constraints, a methodology known as snowball sampling was used 
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which allowed entire networks of traders to be identified from just a small number of 
traders known at the start of the study. The details of this methodology are provided in 
Chapter Five. 
The main methodology used in the analysis of data was quantitative risk assessment. This 
was selected as it enabled the risk of FMD incursions into the MTM Zone through 
movement of live animals to be quantified and also allowed modelling of different risk 
mitigation measures. Pilot studies or real-life measurement of risk mitigation methods 
would not have been possible within the time and financial constraints of this project. 
Therefore, the use of modelling allowed the researcher to draw useful conclusions 
regarding the risk of FMD incursion into the MTM Zone while also highlighting some of 
the major contributors to this risk. Where data were lacking and high levels of uncertainty 
existed, this modelling approach also allowed the researcher to highlight areas where 
future research may be targeted to improve the certainty of the model. 
1.5 Thesis Structure 
The thesis opens with a review of the literature (Chapter Two) relevant to the subject of 
this project as well as the methodology to be applied in this research. This review outlines 
the current understanding of FMD in South-East Asia and highlights some of the research 
which has been conducted in other regions which have relevance to this particular project. 
The methodologies used in this project are described in detail along with the rationale for 
selecting these methods, such as: previous applications of the methodology; the desired 
outcome of the project; and the constraints that exist in data availability. 
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In Chapter Three a strategic analysis of the MTM Zone is described. The purpose of this 
chapter is to identify factors which support or threaten the success of the MTM Campaign 
and to review the suitability of the MTM Zone as a disease control zone. This chapter 
identifies the main risks and constraints to the MTM Campaign and develops objectives to 
be addressed in the remaining chapters of the thesis. These first two chapters thus set the 
scene for the remainder of the thesis by identifying the main questions which need to be 
answered before the MTM Campaign can progress towards eradication of FMD. 
A retrospective analysis of FMD in the MTM Zone and a critical analysis of data sources 
available for this analysis are discussed in Chapter Four. The study collates information 
from various sources in order to build a picture of the epidemiology of FMD in the MTM 
Zone. This picture is, as yet, incomplete but by bringing together the information available 
from different sources, a greater insight into what is known and, perhaps more importantly, 
what is not known about the epidemiology of FMD within the MTM Zone is achieved. 
This component of the thesis was considered particularly important given that a large 
amount of data concerning FMD in the MTM member countries exists, but they have not 
before been collated to give a picture of FMD at a zonal level. This allowed the researcher 
to highlight areas of interest in the epidemiology of FMD in the MTM Zone and also to 
emphasise the inter-dependence of the MTM member countries in controlling FMD in the 
MTM Zone and thus the importance of a regional approach to disease control. This chapter 
concludes with recommendations to the MTM Tri-State Commission concerning gaps 
identified in the information sources reviewed and potential methods for improving the 
current surveillance system in this region. 
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Chapter Five includes the major field work component of this research project and 
represents a pivotal point in the thesis. This chapter includes identification of the main 
livestock trading pathways destined for the MTM Zone. The need to identify trading 
pathways of livestock came from identification of livestock movement as a major risk 
factor in the spread of FMD into the MTM Zone from previous literature (Banks, 2004; 
Wongsathapornchai et al., 2008a; OIE SEACFMD, 2010) and was further supported by the 
strategic analysis of the MTM Zone (Chapter Three) and the pattern of FMD spread 
outlined in Chapter Four. This chapter uses snowball sampling as the main methodology 
for identifying and selecting respondents to take part in the study and to build a picture of 
the pathways of livestock movement between different components of the trading network. 
The outcome of this chapter is an outline of the major pathways of livestock movement 
from their source to their destination in the MTM Zone. The pathways identified included 
the source and destination points of the traded livestock as well as important transit points 
within those pathways which may represent key areas for livestock mixing and disease 
transmission. 
Chapter Six continues on the theme of live animal movement and uses the information 
collected in Chapter Five as the basis for development of a Quantitative Risk Assessment 
model to identify the major contributors to the risk of incursion of FMD into the MTM 
Zone. This model was also used to quantify the risk of FMD being introduced into the 
MTM Zone, on a weekly basis, via the main pathway of livestock movement identified in 
Chapter Five. However, the two most important outcomes from this chapter are expected 
to be: development of the model framework itself which may be used, and built upon, in 
the future as more data become available; and identification of major contributors to the 
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risk of FMD incursions into the MTM Zone. These „critical points‟ are used in the final 
study chapter which models the potential impact of targeting control measures in these 
critical areas on the overall risk of FMD incursions. This is taken to be the first step 
towards identifying targets and types of intervention measures aimed at controlling and 
eradicating FMD in and from the MTM Zone, respectively. 
Chapter Seven estimates the impact of intervention measures aimed at reducing the risk of 
FMD incursions into the MTM Zone. This study focuses on one specific point in the 
pathway of livestock movement which was identified in Chapter Six as a key contributor 
to the risk of FMD incursions in the MTM Zone. This critical point is the movement of 
livestock from the major source area of Central Myanmar into the Northern and Central 
areas of Thailand. Implementing mitigation measures in this area would thus be a way of 
addressing the disease at its source, prior to animals entering the MTM Zone. This point in 
the pathway may also have far-reaching implications in that livestock entering Thailand 
from Myanmar are also believed to move throughout mainland South-East Asia (Cocks et 
al., 2009). 
Strategic, targeted approaches to disease control, including control of disease at its source 
are important in any setting but are perhaps more vital in this region where resources and 
other constraints preclude the use of „blanket‟ type approaches to disease control and 
where extensive unofficial livestock movements and long land borders prevent strict 
border controls from being utilised. 
The thesis culminates with an outline of conclusions drawn from various components of 
the study, a discussion of the constraints experienced during the study and a number of key 
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recommendations to the MTM Tri-State Commission concerning ways in which the MTM 
Campaign may be progressed towards a more rapid achievement of FMD control and 
eradication. Such recommendations may include: immediate actions to be taken by the 
commission or by the member countries; further research required; and/or general 
directions in which the campaign should be steered over the coming years. It is also 
intended that some of these recommendations may be raised at regional meetings and with 
potential donors such that the information presented in this thesis may be more widely 
considered and specific components may be used to attract funding to this important area. 
1.6 Constraints 
Conducting field research in developing countries, where language barriers, limited data 
collection and sensitivity issues surrounding release of official data, can limit information 
available from the field. Therefore, these challenges to data collection and failure to collect 
„perfect‟ data sets should be borne in mind when reading this thesis. While these 
limitations in data availability can create bias and inaccuracies, every effort was made to 
identify and minimise the impact of these biases on the overall result of the study. The 
reality of limited data in this region also allowed the study to explore different ways in 
which data may be collected from developing countries, where official data sources are 
limited. 
Field data collection conducted within this study involved gathering information from 
livestock traders, farmers, official veterinarians and other personnel working within the 
livestock industries of Malaysia, Thailand and Myanmar. Collection of this data was 
approved by the Murdoch University Human Research Ethics Committee. 
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In 2010 China joined the South-East Asia Foot and Mouth Disease (SEAFMD) Campaign, 
which then became the South-East Asia and China Foot and Mouth Disease Campaign 
(SEACFMD). During this thesis, any material published by the SEACFMD campaign, or 
any reference made to the campaign, prior to 2010 will be attributed to, or referred to as 
SEAFMD RCU and any material published after this time will be attributed to the 
SEACFMD RCU.  
The following chapter includes a review of the literature relevant to this topic, and a 
description of how this research project aims to build upon previous work in this area. 
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2 Literature Review 
2.1 Introduction 
This review will consider the current state of knowledge on the epidemiology of FMD in 
the MTM Zone and will highlight specific gaps in existing literature which are to be 
addressed through this research project. This is not an exhaustive review of the literature 
but is designed to cover the most relevant publications in the area of FMD control and 
epidemiology in South-East Asia, livestock movement studies and import risk assessment 
methodology, applied to animal health. 
2.2 Foot and mouth disease in South-East Asia 
Foot and Mouth Disease is a highly contagious disease of cloven hoofed animals. The 
virus exists as strains of seven distinct serotypes and belongs to the genus, aphthovirus of 
family, picornaviridae (Stanway et al., 2005). Serotypes O, A and Asia 1 are endemic in 
South-East Asia (Gleeson, 2002), with outbreaks of serotypes O and A reported regularly 
within the MTM Zone (OIE SEACFMD, 2010).  
Foot and mouth disease is endemic in many developing countries across the world 
(Hammond et al., 2009) where impacts include: on-going costs of disease control, reduced 
livestock production, mortality in young animals, and impacts on crop production where 
the virus affects animals used for traction (Perry et al., 2002). The disease is also a major 
barrier to trade, where the existence of FMD prevents infected countries from accessing 
higher value markets for livestock and livestock products (James and Rushton, 2002).   
The most common means of dissemination of FMD virus is by infected live animals and 
contaminated animal products (Sutmoller et al., 2003). Indirect transmission can also occur 
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by such things as: people, vehicles, equipment, feed and bedding contaminated with 
secretions or excretions of diseased animals (Sutmoller et al., 2003). However, in South-
East Asia, where virus in aerosols or on contaminated objects is likely to be inactivated by 
intense heat and sunlight, an infective viral dose is most likely to be delivered by close 
contact between an infected and a susceptible host (Cleland et al., 1995).   
While a number of diseases impact on livestock production and smallholder farming 
systems in South-East Asia, FMD represents the greatest constraint to trade both within, 
and outside, the region (Perry et al., 1999). Foot and mouth disease is thus considered a 
priority disease for control in the region. In late 1997, the OIE established a Sub-
Commission for the control of FMD in South-East Asia (Perry et al., 1999) whose mandate 
was to coordinate FMD control activities throughout the region. This program was known 
as the SEAFMD Campaign but re-named the SEACFMD Campaign when China joined in 
2010 (Abila, 2011). 
A regional approach to disease control is likely to be instrumental in the successful 
eradication of FMD from mainland South-East Asia, given the extensive and largely 
unregulated, cross-border movement of livestock throughout the region (Gleeson and 
Ozawa, 1999). James and Rushton (2002) stated that where extensive movement of 
livestock occurs, a coordinated regional program of disease control is necessary in order to 
achieve the potential economic benefits of FMD freedom.   
A key component of the SEACFMD Campaign is the progressive zoning approach 
whereby specific geographical areas are selected as targets for disease control activities 
(SEAFMD RCU, 2007). Under this framework, when FMD is eradicated within one zone, 
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the zone is progressively expanded outwards, until the zones coalesce and FMD is 
eradicated on a regional scale. The MTM Zone was the first area to be selected as an FMD 
control zone and represents the prototype for future zoning initiatives in the region 
(SEAFMD RCU, 2002). The MTM Campaign, on which this research is focused, is 
governed by high-level representatives from each member country known collectively as 
the MTM Tri-State Commission (Turton, 2004). 
2.3 The MTM Zone 
The MTM Zone is located on the South-East Asia Peninsula and comprises: the southern, 
Tanintharyi Division of Myanmar; Regions Eight and Nine of Thailand and the whole of 
Peninsular Malaysia (Figure 2.1) (Turton, 2004; Naing Oo, 2010). The MTM Zone was the 
first FMD control zone to be established in South-East Asia in 2003 after it was identified 
as a priority area for FMD control in the region. However, after ten years since the MTM 
Zone was first conceptualised, FMD continues to occur on a regular basis throughout much 
of the zone (OIE SEACFMD, 2010).  
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Figure 2.1: The MTM Zone indicating the locations of the eradication zone, buffer zone and control zone. 
2.4 Threats to the MTM Zone 
Banks (2004) conducted a biosecurity review of the MTM Zone in 2003 and noted that the 
major FMD risk commodities in the MTM region were: cattle, buffalo, pigs, bovine semen, 
meat, milk, unprocessed animal fodder, livestock vehicles, livestock handling equipment 
and injectable biologicals derived from susceptible animal tissues. While Banks (2004) 
describes a range of risk materials, previous literature suggests that infected live animals 
and contaminated animal products are the most common means of dissemination of FMD 
virus (Sutmoller et al., 2003) and that live animal movement is the single most important 
factor in the dissemination of FMD in South-East Asia (Gleeson, 2002).  More specifically 
to the MTM Zone, Naing Oo (2010) and Cleland et al., (1996) identified animal movement 
as an important risk factor in the spread of FMD in Myanmar and Thailand, respectively.   
Therefore, live animal movement was selected as the major threat to be considered in this 
research project.   
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The research considers, in detail, the drivers of live animal movement into the MTM Zone 
and the specific pathways through which animals are moved when destined for the MTM 
Zone. While similar work has previously been conducted in the MTM Zone by 
Wongsathapornchai et al. (2008a), it was considered pertinent to update and expand upon 
this research given the period of time which has elapsed since that study was conducted 
and the dynamic nature of livestock movement pathways in South-East Asia (Gleeson, 
2002). There are also certain factors, including unofficial livestock movements, which 
were not included in the research conducted by Wongsathapornchai et al. (2008a) and 
which are considered important to include in the current study given that they are likely to 
contribute to the risk of FMD virus entering the MTM Zone. 
2.5 Livestock Trade and Disease Spread 
Trade related movement of livestock was selected as the main area of interest for this study 
given that this is likely to involve long distance movement and therefore, wider 
dissemination of FMD virus. Gleeson (2002) stated that the distribution and movement of 
FMD viruses in South-East Asia is a reflection of the trade driven movement of livestock.  
There are also numerous examples from around the world where trade related animal 
movement has contributed to extensive dissemination of FMD virus (Rweyemamu, 1984; 
Yang et al., 1999; Gibbens et al., 2001; Perry et al., 2002; Mansley et al., 2003; Lindholm 
et al., 2007).  
Despite the apparent importance of livestock trade on viral introductions and spread, the 
trade pathways through which livestock are moved when destined for the MTM Zone 
remain largely unknown. While Wongsathapornchai et al. (2008a) described from which 
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regions within Thailand cattle were sourced prior to moving into the MTM Zone, no study 
has described in detail the whole movement pathway from source to destination.  
The current research identifies the major trading routes from their source all the way to 
their termination in the MTM Zone, thus allowing for detailed analysis of both the entire 
route and the component steps within the pathway. This analysis identified critical points 
within the pathway as suitable targets for intervention measures. 
2.6 Methodologies for identifying livestock trade pathways  
The link between livestock trade movement and disease spread has been used in a number 
of previous studies to simulate the spread of an exotic disease using data relating to 
livestock trading networks (Sanson et al., 1993; Green et al., 2006; Bigras-Poulin et al., 
2007) and to identify suitable targets for disease control measures. Other studies have 
retrospectively analysed trade movements of livestock during an FMD epidemic to 
categorise livestock holdings in terms of their vulnerability to infection, or propensity to 
transmit virus to other holdings (Ortiz-Pelaez et al., 2006) and thus also identify critical 
points for viral dissemination.  
In order to identify potential targets for disease control measures, the current study also 
used details of livestock trade pathways to elucidate likely routes of disease spread. 
However, limitations in data availability dictated that a different approach be taken to 
identify trade pathways from those used in previous studies. 
Bigras-Poulin et al. (2006) and Green et al. (2006) described livestock trade movements 
during a given period, and then simulated spread of disease through those movements. This 
approach would be highly applicable to identifying trade pathways (and critical points 
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within those pathways) destined for the MTM Zone. However, both of these previous 
studies relied on detailed livestock movement data from national identification and 
traceability systems or from detailed records of animal movements. In the MTM member 
countries, official livestock movement data are largely unreliable (Wongsathapornchai et 
al., 2008a) and individual animal identification systems are: absent in Myanmar; partially 
introduced in Thailand, though not yet present in all regions of the country (Chottyaputta, 
2009); and are at the pilot stage in Malaysia (personal communication, Naheed 
Mohammed Bin Hussein, 2009).  Therefore, while the systems in Thailand and Malaysia 
may offer some benefits in the future, they are not in place sufficiently to provide detailed 
movement information for this study. The lack of livestock movement data is further 
compounded by the extensive unofficial livestock trade which occurs in this region. 
A study conducted in Lao PDR and Cambodia, where similar data constraints to those in 
the MTM Zone exist, used livestock price data to predict livestock movements (personal 
communication, Ben Madin, 2008). This involved collection of livestock price data and 
assumed movement of livestock from areas of low price, towards areas of higher price. 
Although this methodology can provide up to date predictions of the flow of livestock 
within a specific area, it fails to identify: the volume of livestock movements along specific 
routes, the actual pathway of movement (source, transit and destination points) and the 
different stakeholders involved in the movement. Therefore, this methodology was not 
considered suitable for the current study given the need to identify actual routes of 
livestock movement and the stakeholders involved in those movements. 
Given the aims and constraints of the current study, a different methodology was used to 
those adopted in previous studies. A methodology considered applicable to identifying 
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livestock trading pathways for this study is a non-probability sampling method known as 
snowball-sampling. This sampling method was considered particularly useful due to its 
suitability for generating relational data (Goodman, 1961) and given that it is also useful 
where a sampling frame does not exist (Goodman, 1961) and when dealing with „hidden 
populations‟ (Salganik and Heckathorn, 2004). This methodology has previously been 
used extensively to identify hidden populations where sensitive issues are being 
investigated, such as: identifying current or potential illicit drug-users (Vervaeke et al., 
2007; Korf et al., 2010); and conducting sexual health research (Nack, 2008; Wade et al., 
2010) and in other studies where the target population is small or hidden, such as recruiting 
members of an ethnic minority group (Kahan and Al-Tamimi, 2009) or finding a sub-
population of interest amongst a wider population of anglers (Griffiths, 2010). In all of 
these examples, snowball sampling has been used to identify and recruit members of a 
population which are either hidden, or are small within the overall population. This is 
particularly applicable to recruitment of traders operating in the MTM member countries 
where records of traders are largely incomplete and where many traders are involved with 
unofficial activities and are therefore unlikely to self-recruit for such a study. Snowball 
sampling is thus applied here to identify traders for inclusion in the study, through their 
links with other traders, and to identify the movement of livestock between different 
traders and holdings. 
2.7 Identifying critical points in the trading pathway as targets for intervention 
measures 
The principle objective of identifying trade pathways of livestock destined for the MTM 
Zone is to allow identification of critical points within the pathway which may represent 
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potential targets for disease control measures. Wongsathaporchai et al., (2008a,b) 
described that increased controls at the border of the MTM Zone might help to reduce the 
risk of FMD incursions and thus reduce the annual cumulative incidence (ACI) of FMD in 
the MTM Zone. While those studies demonstrated the impact that increased border 
controls have on the risk of FMD infected animals entering the MTM Zone through 
official channels, they failed to recognise the importance of unofficial movement of 
livestock as a risk to the MTM Zone. Given that much of the movement of livestock in 
South-East Asia is unregulated (Gleeson, 2002), this study will expand upon the scope of 
previous studies in the MTM region by incorporating unofficial movement of livestock 
into the study.  
Previous studies that have used livestock movement data to identify areas within a trading 
network with the greatest potential to transmit disease and/or the greatest vulnerability for 
disease incursions (Green et al., 2006; Ortiz-Pelaez et al., 2006; Bigras-Poulin et al., 
2007), have generally used social network analysis (SNA) as the methodology to identify 
these critical points. Social network analysis has allowed identification of farms or other 
holdings, with a high level of betweenness or a high in-degree or out-degree (a lot of 
animal movements into and out of the property, respectively) such that they may be 
targeted during control activities. However, this approach requires good records of 
livestock movements such that a complete network of movements can be generated. 
Despite the useful outcome of studies using SNA to analyse livestock trade movements, 
this methodology was not considered applicable to a study in the MTM Zone at this time, 
given the constraints of limited data. As described earlier, minimal data are available on 
livestock movements and it was expected that the targeted and snowball sampling 
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techniques would only capture parts of the trading network, rather than the whole network. 
Therefore, an alternative methodology to SNA was applied in this study to allow 
identification of critical steps in the livestock trade pathways. Based on previous work by 
Wongsathapornchai et al. (2008a), quantitative risk modelling was selected to analyse 
livestock movement data in the current study.  
Wongsathapornchai et al. (2008a) developed a risk based model to determine the 
likelihood that an FMD infected animal would be accepted into (enter) the MTM Zone. 
The current research study expands upon their study by: using updated data on livestock 
movement patterns; modelling movement of livestock all the way from their source; and 
including unofficial movement pathways.  
Quantitative rather than qualitative risk assessment was selected as the method of choice as 
the former allows for comparison of different sanitary measures (Murray, 2004) which is 
necessary in order to achieve the objectives of this study. Within the risk assessment, 
sensitivity analysis was used to identify critical steps in the trade pathway which have the 
greatest impact on the risk of FMD infected animals entering the MTM Zone. These 
critical points then formed the basis for a study into the potential impact of implementing 
disease control measures at various points in the pathway. 
2.8 Conclusions 
The literature reviewed here demonstrates the importance of livestock trade movements in 
the spread of FMD and the vulnerability of the MTM Zone to the incursion of FMD 
through market-driven movement of livestock into the Zone. While this threat is 
recognised in studies by Wongsathaporchai et al. (2008a) and Banks (2004), disease 
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control measures have continued to be focused within the MTM Zone, rather than in areas 
from where animals destined for the MTM Zone are sourced. Therefore, an important gap 
to be addressed by this study is the identification of the trade pathways of livestock 
destined for the MTM Zone, from their source, and identification of points within those 
pathways where disease control measures could have the greatest impact on the risk of 
FMD incursion into the MTM Zone. 
This study takes into account the data limitations which exist in the MTM member 
countries to select and apply suitable methodologies to gathering information and 
simulating FMD control measures. Such methodology may then be used in future studies 
in areas where similar data constraints exist. Other challenges in this region include the 
widespread unofficial movement of livestock and this was taken into account when 
considering suitable control measures such that realistic solutions could be found to reduce 
the risk of FMD incursion into the MTM Zone in light of the potential for unofficial 
trading across the zone borders. 
Finally, there is a need to better understand the epidemiology of FMD in the MTM Zones 
including: the source of the disease outbreaks; the mechanisms of disease spread; and the 
maintenance of the disease. Thus far, there has not been an overall assessment of the FMD 
status and epidemiology within the MTM Zone. Therefore, available data relating to FMD 
in Malaysia, Thailand and Myanmar was collated in order to determine the current 
knowledge of FMD in this region, while identifying gaps in this data. 
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3 Establishing a foot and mouth disease free zone in the Malaysia-
Thailand-Myanmar Peninsula: Threats and opportunities 
3.1 Aim 
The aim of this study was to conduct a strategic analysis of the MTM Zone with the 
purpose of identifying factors that support or threaten the success of the MTM Campaign. 
The suitability of the MTM Zone as a disease control zone was assessed with particular 
reference to: its geographical features; livestock production and demand; trade in livestock 
and livestock products; and movement or trade in other materials which may constitute a 
risk to the FMD status of the MTM Zone. The outcome of the analysis was used to identify 
the main risks and constraints to the MTM Campaign and thence to develop objectives for 
the work described in this thesis. 
3.2 Introduction 
The MTM Zone comprises regions from three highly diverse countries in terms of, inter 
alia: economic development, culture and religion, political situation, dietary preferences, 
infrastructure, livestock production (density, species and husbandry practices), human 
population and involvement in trade (both official and unofficial). There are also 
differences in the existence and enforcement of veterinary legislation, the capacity and 
resources of the veterinary services and budget dedicated to animal health and/or disease 
control. All of these factors have the potential to influence the disease situation in a 
country and the capacity and/or incentive of the veterinary services and industry to control 
that disease. Therefore, when considering implementation of a disease control program, 
such factors should be taken into account with regard to their impact on disease control. 
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Some of these factors were addressed in this study to determine how they affected the 
MTM Campaign. 
The MTM Campaign was established in 2003. From the start of the campaign to the 
present time, the number of outbreaks of FMD in the MTM Zone has increased, as has the 
geographical spread of the virus within the zone. In this analysis, factors contributing to 
the failure of the MTM Campaign to reduce FMD outbreaks were considered. The study 
focuses on the movement of risk materials into the MTM Zone and how these threaten the 
control program. In order to understand the movement of risk materials, the market forces 
acting on major commodities such as live animals and animal products, were also 
considered.  
The applicability of zoning in the MTM member countries, with reference to the capacity 
and incentives of the member countries to adhere to the zoning guidelines, and how the 
MTM Campaign might progress more rapidly towards FMD free zone status, were 
discussed.  
3.3 MTM Campaign for FMD Freedom 
In 1999 the OIE conducted a review of the SEAFMD Campaign. The review concluded 
that establishment of an FMD free zone to OIE recognised standards would be an effective 
way to progressively control and eradicate FMD in South-East Asia (SEAFMD RCU, 
2002). The South-East Asia Peninsula, comprising Southern Myanmar, Southern Thailand 
and all of Peninsular Malaysia was identified as a suitable site for this zone and was to be a 
prototype for future zoning initiatives in the region. The following reasons were stated for 
selecting this area as a disease control zone: it has natural advantages that favour FMD 
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control and eradication; there was a relatively high chance of success; and it was a good 
tripartite example of the need for international cooperation with potential benefits to all 
three participating countries (SEAFMD RCU, 2002). The natural advantages referred to in 
this report were likely the same as those outlined by Banks (2004) in which he states that 
the MTM Zone is surrounded by sea apart from a narrow isthmus to the north of the Zone. 
In 2003, a memorandum of understanding (MOU) was signed by the three participating 
countries, marking the beginning of the MTM Campaign. 
The MTM Campaign is governed by the MTM Tri-State Commission, comprising high 
level representatives from each of the member countries and the Regional Coordinator of 
the SEAFMD Regional Coordination Unit (RCU) as the Executive Officer (Turton, 2004). 
A set of guiding principles, known as Standard Definitions and Rules (SDRs), were 
formulated to provide minimum regional standards and practices upon which the 
individual member countries could formulate FMD control and eradication programs 
(Turton, 2004).  
3.4 The MTM Zone  
The MTM Zone includes a Buffer Zone, Control Zone and an Eradication Zone (Figure 
2.1). At this time, there is no recognised free zone (with or without vaccination) in the 
MTM Zone. The Buffer Zone of Myanmar is located in the Dawei District of Tanintharyi 
Division and represents the northern most point of the MTM Zone. This area was 
incorporated into the MTM Campaign in 2007, following approval of the MTM Tri-State 
Commission to progress zone status in Myanmar (Naing Oo, 2007). Prior to 2007, the 
Myanmar MTM Zone comprised of a control zone in Kawthoung Division and a buffer 
zone in Myeik Division. The Buffer Zone of Thailand includes the whole of Prachuab 
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Khiri Khan Province in Region Seven. The Control Zones include: Myeik District in 
Myanmar; Regions Eight and Nine of Thailand; and all of Peninsular Malaysia. The first 
Eradication Zone to be recognised in South-East Asia is in the Kawthaung District, the 
Southern-most point of Myanmar.  
3.5 Application of ‘Zoning’ on the MTM Peninsula 
Zoning was instituted by the OIE to allow a member country to establish and maintain a 
sub-population of animals with a distinct health status within its territory. The concept of 
zoning was established in recognition of the difficulty of achieving disease free status for 
an entire territory, particularly where it is difficult to control the entry of disease at national 
boundaries (OIE, 2010f). The OIE terrestrial animal health code defines a zone as:  
“A clearly defined part of a territory containing an animal sub-population with a distinct 
health status with respect to a specific disease for which required surveillance, control and 
biosecurity measures have been applied for the purpose of international trade” (OIE, 
2010f) 
This definition refers to a zone in which a disease either does not occur, or has been 
eradicated and therefore freedom from that disease can be demonstrated. Under the 
SEACFMD Campaign, the concept of zoning has been modified for the purpose of disease 
control and different zone categories have been incorporated to facilitate, and recognise, 
the progressive control of disease. According to the SDRs of the MTM Campaign, zones 
are defined as: 
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“clearly defined areas that are declared by legislative or administrative action of the 
respective countries to facilitate movements within zones and control movement between 
zones and to enable the control, eradication and exclusion of FMD” (Turton, 2004) 
The different zone statuses applied in the MTM Campaign include: Infected Zone; Control 
Zone; Eradication Zone; Free Zone with vaccination; Free Zone without vaccination; and 
Buffer or Surveillance Zone (Turton, 2004). In order to achieve and maintain a specific 
zone status, a country or zone must be able to demonstrate a certain level of: FMD 
prevalence, legislation, surveillance, movement restrictions, vaccination, reporting, 
emergency response and public awareness.  
The success of the MTM Zone depends upon controlling and eradicating FMD within the 
zone while preventing entry of FMD into the zone. In the following section the movement 
of risk materials into the MTM Zone and the identity of some of the main threats to the 
zone, with particular reference to the movement of live animals and their products, is 
discussed.  
3.6 FMD Susceptible species in the MTM member countries 
As movement of live animals has previously been highlighted as the main risk to the MTM 
Zone (Banks, 2004), a review of livestock demographics, including production and 
demand for livestock, in each of the MTM member countries is provided here as 
background to later analyses of livestock movements. The major susceptible species 
(cattle, buffalo, sheep, goats and pigs) are described in terms of the population, husbandry, 
demand, and production capacity in the MTM member countries. For the purposes of this 
study, cattle and buffalo will generally be considered together, as will sheep and goats 
 26 
 
given the similar husbandry practices between these species and also due to their 
apparently similar roles in the epidemiology of FMD. The clear exception to this is the 
potential for a carrier state in buffalo. Recent research suggests that the Asian Swamp 
Buffalo (Bubalus bubalis) can become persistently infected with FMD virus and may carry 
the virus for at least 20 months (Verin, 2011).  However, for the purposes of this study 
cattle and buffalo will be considered to play a similar role in the epidemiology of FMD and 
the carrier state will not be considered further.  
3.6.1 Cattle and Buffalo 
In all three member countries of the MTM Zone, small-scale farming systems dominate the 
cattle and buffalo industries. However, Malaysia is moving towards larger, commercial 
cattle raising operations, including: integration farms, where cattle are raised under oil 
palm plantations; and large feedlots. In Myanmar, cattle are used primarily for draft 
purposes and are a highly valued asset to most farming families (FAO, 2010). Beef cattle 
in Myanmar are generally considered to be those which have finished their productive lives 
as draft animals. In Thailand, cattle and buffalo are mainly raised in small systems, 
however, some larger feedlot and quarantine systems also exist. 
Of the MTM member countries, Central Myanmar has the highest density of cattle, while 
Peninsular Malaysia has the lowest. Cattle production in Thailand varies in different 
regions, with highest densities in the North and North-East and lowest in the Southern, 
MTM Zones. The MTM Zone of Myanmar has a relatively low population of cattle and a 
low demand to match. A map of cattle and buffalo density at the province and state level of 
the MTM member countries is shown in Figure 3.1. 
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Figure 3.1: Cattle and buffalo density (no.head per square Km) in Malaysia (purple outline), Thailand (black outline) and 
Myanmar (red outline). Data sources: (Department of Livestock Development, 2007b; Ministry of Livestock and 
Fisheries, 2008; Department of Veterinary Services, 2010; Wikipedia, 2010a-m, o, p). 
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The demand for cattle and buffalo products is lowest in Myanmar, with a per capita 
consumption of seven grams per person per day and highest in Malaysia at 17 grams per 
person per day (FAO, 2008). The consumption figures for different meat types (Figure 3.2) 
indicate that Myanmar is the lowest consumer (on a per capita basis) for all classes of meat 
(Thai data was not available for consumption of sheep and goat meat, though it is expected 
that it would be greater than the per capita consumption in Myanmar) while Malaysia is 
highest in all classes except for pig meat. Given that pig meat is only consumed by the 
non-Muslim population of Malaysia, which equates to approximately one third of the 
population (Wikipedia, 2010h), the per capita consumption of pig meat amongst this group 
would appear to be quite high. The figures presented here for consumption are national 
averages, so there is likely to be some variation within each country. The per capita 
consumption of all classes of meat may be lower than the national average in the MTM 
Zone of Myanmar, given the greater dependence on fish in this area (personal 
communication, Kyaw Naing Oo, 2008). In the MTM Zones of Thailand, the high Muslim 
population would most likely result in the consumption of less pork products, but more 
goat products than the national average. 
The demand for cattle is thus greatest in Peninsular Malaysia, where supply is lowest, 
compared to other MTM member countries. It is likely that demand also exceeds supply in 
the MTM Zone of Thailand, where cattle production is low compared to other regions of 
Thailand. In contrast, Central Myanmar has a large cattle population which far exceeds the 
low demand for beef products in this area. Given this information, it is likely that the 
demand for cattle and buffalo within the MTM Zones of Malaysia and Thailand will drive 
an influx of these species into the Zone. Minimal volumes of cattle movement might be 
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expected into or out of the MTM Zone of Myanmar given the lack of demand and low 
bovine population in this area. Conversely, Central Myanmar may represent an important 
source of cattle and buffalo. 
 
Figure 3.2: Per capita consumption of different meat types in Malaysia, Thailand and Myanmar (2003-2005). Source: 
FAO (2008). 
3.6.2 Sheep and Goats 
Sheep and goats are generally farmed in small numbers and are either kept within the 
household or grazed on communal pastureland. There are few commercial goat operations 
in the MTM member countries, though there are initiatives to increase these in Malaysia 
under the Ninth Malaysian Plan (Department of Veterinary Services, 2008). 
Amongst the MTM member countries, the density of sheep and goats is highest in Central 
Myanmar and in the southern-most provinces of Thailand. Apart from the southern 
 30 
 
provinces of Thailand, the density is generally low across Thailand, Peninsular Malaysia 
and the MTM Zone of Myanmar (Figure 3.3).  
 
Figure 3.3: Goat and Sheep density (no. head per square Km) in Malaysia (purple outline), Thailand (black outline) and 
Myanmar (red outline). Data sources: Department of Livestock development (2007b); Ministry of Livestock and 
Fisheries (2008); Department of Veterinary Services (2010); Wikipedia (2010a-m,o, p). 
The higher density of sheep and goats in the southern provinces of Thailand is matched by 
a high demand in this area, where a large Muslim population has created a market for 
mutton and goat meat (personal communication, Banjong Jongrakwattana 2009). 
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Peninsular Malaysia also has a high demand for sheep and goats, with local production 
only able to satisfy less than 10% of total demand (Warr et al., 2008). This demand would 
be expected to drive movement of sheep and goats, or the products thereof, into the MTM 
Zone of Malaysia and Thailand. Low demand for sheep and goat meat in the MTM Zone 
of Myanmar (less than 1 gram per person, per day) (FAO, 2008) coupled with a low sheep 
and goat population density would suggest minimal movement of these species into or out 
of this area. 
Although Central Myanmar has a very high density of sheep and goats, there is a relatively 
low demand for mutton and goat meat. Therefore, Central Myanmar may be an important 
source of sheep and goats, with the capacity to supply other countries in the region. While 
it is known that there is an official trade in goats from Myanmar to Malaysia (Maung Latt, 
2009a), the extent to which small ruminants are moved unofficially is not known. 
3.6.3 Pigs 
In Thailand, more than 80% of pigs are produced in intensive farming systems (Cameron, 
2000). These intensive systems are not all large scale and are often owned by family 
businesses rather than large companies, though the latter do exist. Most large scale pig 
production occurs in the central areas of Thailand, with some also in the Northern areas 
(Figure 3.4). Pig production in the MTM Zone of Thailand is dominated by small scale 
commercial or smallholder farms. In Myanmar, pigs are generally kept in small numbers 
by households and are either housed or tethered. The pig industry of Malaysia is also 
dominated by small-scale farms, but there is increasing pressure to consolidate the industry 
into larger, commercial operations (Stanton et al., 2009). These changes in Malaysia have 
occurred in response to the Nipah Virus outbreak in the late 1990‟s. 
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The highest density of pigs in the MTM member countries is in the vicinity of Bangkok, 
Thailand with some localised areas of higher production in Malaysia and Myanmar (Figure 
3.4). However, the Muslim dominated population of Malaysia and the large Muslim 
population in Southern Thailand limits the demand for pork products in this area. Although 
the non-Muslim population of Malaysia consumes large volumes of pork (Figure 3.2) this 
demand is largely met by local production (Warr et al., 2008). According to data from 
Chottyaputta (2009) there is a net efflux of pigs from the MTM Zone of Thailand, moving 
to the north of the Zone, and there is little reported trade in pig products into or out of the 
MTM Zone of Myanmar. Lack of demand for pig and pork products in the MTM Zone 
would likely protect the zone from excessive movement of pigs at this time.  
While the risk of FMD being introduced to the MTM Zone with live infected pigs might be 
limited by the low volume of trade in this species, the management of pigs is nevertheless 
highly important in terms of managing the risk of any FMD incursions. Pigs are very 
susceptible to infection when virus is ingested (Kitching and Alexandersen, 2002) and are 
commonly implicated where disease is introduced into previously free areas, where pigs 
have been fed on infected animal products (Kitching and Alexandersen, 2002). Therefore, 
the potentially important role of these species, particularly where there is access to animal 
products, should not be overlooked. 
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Figure 3.4: Pig density (no. head per square Km) in Malaysia (purple outline), Thailand (black outline) and Myanmar 
(red outline). Data sources: Department of Livestock Development (2007b); Ministry of Livestock and Fisheries (2008); 
Department of Veterinary Services (2010); Wikipedia (2010a-m, o, p). 
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3.7 Risks of FMD incursion to the MTM Zone: Movement of livestock and their 
products  
Live animal movement represents the single most important factor in the spread of FMD in 
South-East Asia (Gleeson, 2002) and is considered a major threat to disease control zones 
such as the MTM Zone, particularly where such zones border FMD infected areas. Part of 
the reason for selecting the MTM Zone as a disease control zone was the geographical 
features of the zone which appeared to favour disease control. This was highlighted by 
Banks (2004) during a biosecurity review of the MTM Zone: 
 “The geography of Malaysia, Thailand and Myanmar provides a unique opportunity for 
the eventual eradication of FMD in the provinces of those countries on the South-East Asia 
Peninsula. By definition, the peninsula is surrounded by sea and is only linked to the rest 
of South-East Asia by the narrow Isthmus of Kra, enabling tight control over the southerly 
movement of animals and other risk commodities.” 
While the geographical features of the MTM Zone would appear to be suitable for 
controlling the influx of livestock, high demands within the zone create strong price 
incentives for this movement to occur. Where there are price incentives to move animals 
and where there is potential for unofficial movement of livestock, controlling the 
movement of animals through restrictive processes at the border is unlikely to be 
successful. This was demonstrated in Malaysia, when importation of live animals from 
Thailand was banned following outbreaks of FMD in Malaysian quarantine stations. The 
result of the ban was that animals continued to enter Malaysia but they did so unofficially, 
thus paradoxically increasing the risk of FMD incursions (Banks, 2004).  
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The following section will consider each of the MTM member countries in terms of trade 
in live animals and animal products, which could represent a risk to the MTM Zones.  
3.7.1 Malaysia 
Malaysia is one of the most import dependent countries in the world today (Stanton et al., 
2009). A large proportion of the goods imported to Malaysia are agricultural produce 
including live animals and animal products. In recent years, Malaysia has undergone rapid 
income and population growth. This has driven a change in the consumption patterns away 
from starchy staples and towards a more varied, meat-rich diet (Warr et al., 2008). The 
consumption of beef and Mutton within Malaysia now greatly exceeds domestic 
production (Figure 3.5) and most of the meat consumed is either imported as product or as 
live animals.  
 
Figure 3.5: Percentage of demand met by domestic production of meat in Malaysia (Warr et al., 2008). 
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More than 79,000 live cattle and buffalo were imported into Malaysia in 2008. The 
majority of these were sourced from Thailand and the remainder from Australia (Naheed, 
2009a). Malaysia also imports large quantities of beef. In 2007, Malaysia consumed 
approximately 144,000 metric tonnes (MT) of beef, 76% of which was imported (Stanton 
et al, 2009). Much of the imported beef is frozen, with India having the largest share in the 
market at 64% (Stanton et al., 2009). A small market for fresh, chilled meat also exists, but 
this only equates to 1% of total consumption (Stanton et al., 2009).  
Although Malaysia is currently highly dependent upon animal and meat imports, plans are 
in place to increase domestic production of cattle and goats in order to increase self-
sufficiency. Production targets of 40% of total demand for beef (Warr et al., 2008) and 
35% of total demand for mutton (Department of Veterinary Services, 2008) have been set 
for 2015 under the Ninth Malaysian Plan. If this plan is successful, achieving improved 
levels of self-sufficiency may reduce the reliance on imports and thus reduce the risk of 
FMD incursions in the long term. However, in the short term, achieving this heightened 
level of local production will require an increase in live animal imports, particularly 
breeding animals. If these animals are sourced from FMD infected countries, the risk of 
disease incursions is likely to increase during this period of expansion. In Table 3.1 the 
countries which have been proposed as suppliers of breeding animals for Malaysia are 
listed. 
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Source Country Livestock species imported 
Myanmar Cattle, goats, sheep, buffalo 
Indonesia Cattle, goats, sheep 
China Cattle 
Thailand Cattle 
Africa Cattle, goats, sheep 
Australia Cattle, goats, sheep, camels 
South America Cattle 
India Buffalo 
Table 3.1: The proposed source countries for breeding stock to be imported into Malaysia (Department of Veterinary 
Services, 2008).  
Foot and Mouth Disease is endemic in some of the countries listed in Table 3.1 and some 
have serotypes and/or strains of the virus which are exotic to South-East Asia. A decision, 
therefore, to import animals from these sources could have significant impacts on FMD 
control throughout South-East Asia. This may be of particular concern where field strains 
in the source country are not covered by the vaccines currently used within South-East 
Asia. 
Demand for goat meat and mutton also exceeds supply in Malaysia, with a self-sufficiency 
of less than 10% (Warr et al., 2008). Therefore, live animal or meat imports are needed to 
satisfy this demand. Live sheep and goat imports were estimated at 27,800 and 89,774 
head, respectively in 2007 (Department of Veterinary Services, 2010). In 2005, Australia 
was the main supplier of live sheep and goats to Malaysia, followed by Indonesia (DAFF, 
2006). The Australian export of live sheep to Malaysia has continued to grow from 2005 to 
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2010 (Western Australia Agricultural Authority, 2010). Australia is also currently the 
major supplier of sheep meat (Warr et al., 2008) and in 2006 exported a total of 9,467 MT 
of sheep and goat meat to Malaysia (DAFF, 2006). While these FMD free sources of 
livestock may have presented little risk in the past, other FMD infected sources of live 
goats and sheep are now being used. In 2008 to 2009, 3,239 head of sheep and goats were 
imported from Central Myanmar (Maung Latt, 2009a). 
Malaysia produces pork in excess of its demands, with a self-sufficiency level of more than 
100% (Figure 3.5) (Warr et al., 2009). In 2007, Malaysia‟s non-Muslim population 
consumed 220,000 MT of pork, of which over 95% was produced locally (Stanton et al., 
2009). The small import market for pork (approximately 3,000 MT per year) (Department 
of Veterinary Services, 2010) consists of frozen suckling pigs from Vietnam or China and 
other pork products from the European Union (EU), Australia and Canada (Stanton et al., 
2009). The importation of frozen suckling pigs could represent a higher risk for FMD 
incursions as these are imported „bone-in‟ and therefore do not undergo suitable treatment 
for inactivating FMD virus as recommended by the OIE (OIE, 2010f). In 2007, only 12 
live pigs were officially imported into Malaysia (Department of Veterinary Services, 
2010).  
In summary, Malaysia imports large quantities of live cattle, live goats and meat from 
cattle, goats and sheep. While some of these come from FMD free countries, many are 
sourced from countries where FMD is endemic. Live cattle and goats are considered to 
represent the greatest risk for FMD incursion while animal products present a lesser, 
though still significant, risk. There appears to be minimal trade in live pigs or pig products 
into Malaysia.  
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Increases in breeding stock in Malaysia under the Ninth Malaysian Plan may increase the 
risk of FMD incursions in the short-term as increased volumes of animals from FMD 
infected countries are being imported. The strong demand for livestock in Malaysia, and 
supply of livestock from Central Thailand, may also increase the risk of FMD incursions 
into the MTM Zone of Thailand, if animals destined for the Malaysian market transit in 
this area. 
3.7.2 Thailand 
Thailand has imported cattle for both breeding and fattening from Australia, New Zealand, 
Myanmar and Costa Rica (FAO, 2002). According to data from 2002 (FAO and AGAL, 
2005) Thailand exported 5,061 head of cattle and buffalo and imported 182,077 head. In 
addition to the official imports, a large number of cattle and buffalo are believed to enter 
Thailand unofficially from Myanmar each year. Department of Livestock Development 
(DLD) estimates from 1996 indicated that 400,000 head per year were moved unofficially 
(FAO, 2002) from Myanmar to Thailand. While the Thai government has introduced 
quarantine systems to handle such animals, it is unclear how many continue to circumvent 
these controls.  
The most important movement of livestock into the MTM Zone is the inter-zonal 
movement which occurs within Thailand (Wongsathapornchai et al., 2008a). In 2008, 
more than 105,000 cattle and buffalo, 5,000 goats and 29,000 pigs entered the MTM Zone 
from other parts of Thailand (Chottyaputta, 2009). Again, these figures represent official 
movement data, but there may also be significant volumes of unofficial animal movement. 
Demand for cattle, buffalo and small ruminants in the MTM Zone are likely to be the 
major driver of this movement. Pig movement into the zone may be driven by other factors 
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given that there are greater numbers of pigs moving out of the MTM Zone to the north than 
there are entering it and also given the low demand in the MTM Zones for pork products. 
Data from 2002 indicate that Thailand produced sufficient beef to meet local demands 
(FAO and AGAL, 2005) (Figure 3.6) and therefore demand for imported beef was low. 
More recent figures indicate, however, that the amount of beef imported by Thailand has 
increased in recent years from 1,550 MT in 2002 (FAO and AGAL, 2005) to 1,921 MT in 
2007 (The Meat Site, 2009). Some possible explanations for this might include: a reduction 
in supply (cattle and buffalo populations in Thailand have shown a decline from 
10,763,000 head in 1990 to 6,432,000 head in 2000 (FAO and AGAL, 2005)); increased 
demand (population growth, economic development, etc); signing of a free trade 
agreement between Australia, New Zealand and Thailand; expansion of a different market 
within Thailand, i.e. for high quality beef; or a combination of these. Cattle production is 
reported to be declining in Thailand due to competing uses of pasture land (personal 
communication, livestock trader, 2009) and also due to the competition from unofficially 
imported animals from Myanmar which are sold in Thailand at prices lower than Thai 
farmers are willing to accept for locally reared animals (FAO, 2002).  
The major exporters of beef to Thailand include: Australia, New Zealand, United States, 
the EU (Netherlands, Italy and Germany) and Brazil (The Meat Site, 2009). Given that 
these countries are free of FMD (OIE, 2010e) official beef imports are unlikely to 
represent an important risk.  
 41 
 
 
Figure 3.6: Annual production and consumption of different meat types in Thailand (MT) based on 2002 data (FAO and 
AGAL, 2005). 
There is minimal official trade in live sheep and goats into and out of Thailand as a whole. 
Data from 2002 indicate that 516 sheep and goats were exported from Thailand and only 
two were imported (FAO and AGAL, 2005). Goats officially imported into Thailand are 
thus unlikely to present a significant risk, given the low numbers and given that they are 
likely to be sourced from FMD free countries. The extent of unofficial movement of goats 
and sheep into Thailand from Myanmar is unknown but, if present, could represent an 
important risk. Thailand‟s position between Central Myanmar, with its excess of sheep and 
goats, and Malaysia with a strong demand for these species, might indicate that these 
animals are unofficially transiting through Thailand, though there is no evidence for this.  
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Perhaps more importantly for the MTM Zone, are the inter-zonal movements of sheep and 
goats that occur within Thailand. In 2008, 5,000 goats entered the MTM Zone from other 
areas of Thailand, while only 194 moved out of the MTM Zone (Chottyaputta, 2009). 
Although the population of goats is highest in the Southern regions of Thailand, demand is 
also greatest in this area, where goats are generally kept in small numbers for individual 
consumption and for use in Muslim ceremonies (personal communication, Banjong 
Jongrakwattana, 2009). While official figures show that 5,000 goats moved into the MTM 
Zone of Thailand, actual figures may be considerably higher. There are strict regulations 
for moving sheep and goats into Regions Eight and Nine (MTM Zone) of Thailand aimed 
at controlling Brucella melitensis. These restrictions are believed to dissuade traders from 
using official import procedures in favour of unofficial movement (personal 
communication, Banjong Jongrakwattana. 2009). Given that the entry of such animals are 
not regulated and the frequently mild or inapparent clinical signs of FMD in this species 
(Kitching and Hughes, 2002), the unofficial inter-zonal movement of goats into the MTM 
Zone may represent a high risk for FMD incursion. 
Domestic production of sheep and goat meat in Thailand is approximately equal to 
demand, at 1,000 MT and 1,300 MT, respectively (FAO and AGAL, 2005). There is, 
therefore, little demand for meat imports. The volume of production and consumption of 
mutton and goat meat is very low compared to other classes of meat (Figure 3.6). 
A small number of pigs are imported into the MTM Zone of Thailand, but the majority of 
pig movement is out of the zone, to the North. In 2008, 130,000 pigs moved from the 
MTM Zone to other parts of Thailand, while 32,000 moved into the Zone (Chottyaputta, 
2009). This indicates that pig production exceeds demand in the MTM Zone of Thailand, 
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and suggests that the inward movements may be driven by factors other than market 
demand (breeding stock, family relationships, informal short-distance movements, etc.). 
Data from 2002 suggests that 3,065 pigs were exported from Thailand while none were 
imported (FAO and AGAL, 2005) so it can be assumed that the risk of incursion from 
other countries through live pigs is very low, and there is a relatively low risk from inter-
zonal movement of live pigs, compared with other susceptible species. Given that pig meat 
production exceeds consumption in Thailand, it is unlikely that pig products would be 
imported into Thailand and a lack of demand in the MTM Zone would suggest minimal 
inter-zonal movement of pig products (Figure 3.6). 
3.7.3 Myanmar 
The MTM Zone of Myanmar appears to enjoy relative isolation from other livestock 
populations due to geographical barriers and a lack of market demand for the import or 
export of animals into and from this area, respectively. The population of cattle, buffalo, 
sheep, goats and pigs is small in this area of Myanmar and the demand for these products 
is correspondingly low. According to official figures, there are approximately 276,000 
head of cattle and buffalo, 28,000 head of goats and 144,000 pigs in the Tanintharyi 
Division of Myanmar (Ministry of Livestock and Fisheries, 2008). Although check-points 
are in place to control animal movements into the MTM Zone of Myanmar (Naing Oo, 
2007), it is likely that a lack of demand for livestock is the main factor preventing FMD 
incursions into this zone. The MTM Zone is therefore at low risk of FMD incursions and 
does not appear to pose a significant risk to the rest of the zone, given that FMD rarely 
occurs here. This situation may change in the future if the favourable disease status attracts 
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better prices for livestock and creates an export market, thus creating an incentive for 
animal movement into the MTM Zone of Myanmar.  
While not included in the MTM Zone, the Central Myanmar Plateau (CMP) is included in 
this discussion as it represents a potential source of livestock in the region. In this area, 
there is a high population of livestock (particularly domestic ruminants) coupled with a 
very low demand for their products. This excess of livestock has driven a significant, 
unofficial efflux of livestock from Central Myanmar into neighbouring Thailand. The high 
volumes of animals which move into Thailand each year are likely to represent a risk to the 
MTM Zone. 
3.8 Summary of the risk of live animal and animal product movement 
In summary, live animal movements represent a major risk for FMD incursions into the 
MTM Zone. The MTM Zone, with Malaysia at its southern-most point, is highly 
vulnerable to FMD incursions through movement of livestock and livestock products. 
Cattle, buffalo and small ruminants likely represent the greatest risk given the large 
volumes being moved into the zone and the susceptibility of these species to the strains of 
FMD currently circulating in the region. The main drivers of this movement are the 
demand for live animals and animal products in the MTM Zones, particularly in Peninsular 
Malaysia, which is also likely to drive movement of livestock through the MTM Zones of 
Thailand.  
Importation of livestock products represent a lesser risk than the import of live animals, but 
the risk may still be significant, particularly where high volumes of meat are sourced from 
FMD infected countries and there is potential for the local livestock population to contact 
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this product. As introduction of FMD through livestock products most commonly occurs 
through infection of pigs (Kitching and Alexandersen, 2002), the management of pigs in 
the importing country is an important factor in this risk, along with whether or not the 
product has been correctly treated prior to export. Table 3.2 shows the direction of live 
animal and animal product movement into and out of the MTM Zones (and Central 
Myanmar). 
Other risk materials imported into the zone include: bovine semen; milk; and livestock 
feed. Although a large volume of milk is imported into Thailand, this is considered low 
risk given that the milk is processed and that there is minimal chance of contact with 
susceptible animals. Bovine semen imported into Malaysia and Thailand is generally 
sourced from FMD free countries (FAO, 2002) and is therefore unlikely to be a risk for 
introducing FMD. Malaysia imports large quantities of livestock feed but this is generally 
processed and therefore unlikely to represent an important risk. Thailand is almost self-
sufficient for animal feed, with widespread use of cropping by-products. No animal feed is 
imported into the Myanmar MTM Zone. 
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 Malaysia  
(MTM Zone) 
Thailand  
(MTM Zone) 
Myanmar  
(MTM Zone) 
Myanmar  
(Central) 
Live 
Cattle/Buffalo 
Net Importer Net Importer No movement Net exporter 
Live 
sheep/goats 
Net Importer Net Importer No movement Net exporter 
Live pigs No movement Net exporter No movement No movement 
Bovine meat Net Importer No movement No movement No movement 
Pig meat Net importer  No movement No movement No movement 
Table 3.2: The direction of livestock and livestock product movement into and out of the MTM Zones of Malaysia, 
Thailand and Myanmar and within Central Myanmar. 
Biological products of particular interest include the FMD vaccine. The laboratory in Pak 
Chong, Thailand produces their own vaccine which undergoes thorough innocuity testing 
(Banks, 2004). This vaccine has been accepted for use in the MTM Zone at this stage in 
the campaign. It was recommended by Banks (2004) that the innocuity testing of the 
vaccine locally produced in Myanmar be reviewed. Therefore, this vaccine is not permitted 
for use in the MTM Zone. Vaccine supplies for Malaysia are sourced from multi-national 
companies, and are approved by the OIE. 
Banks (2004) also highlighted the potential risk of livestock vehicles transmitting virus. 
While this was not investigated in this study, there is not believed to have been any 
significant changes in handling of livestock vehicles since the study of Banks (2004) and 
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they are therefore likely to present a risk for the MTM Zones when they pass into the area 
without being adequately cleaned. 
3.9 The MTM Zone: constraints to disease control and future directions  
3.9.1 Influx of live animals and animal products 
As demonstrated earlier, there is significant demand for livestock and livestock products 
within the MTM Zone of Malaysia and Thailand. This demand acts as a driver of 
movement into the MTM Zones which brings with it a risk of FMD incursions. One of the 
major challenges of the MTM Campaign is that the zone represents a destination of 
livestock and the risk of FMD incursions is thus largely dependent upon the FMD status in 
the source areas of livestock.  
Given that the demand for livestock products within the MTM Zone is likely to increase 
with economic development of the member countries, and that the potential to increase 
production in these areas is limited by various factors (such as climate, unofficial imports, 
poor husbandry, competing industries, etc), it is likely that the MTM Zone will continue to 
be an end-point of animal movement for the foreseeable future. Wongsathapornchai et al. 
(2008a) demonstrated that where live animals are moving into the MTM Zone, there will 
be a significant risk of FMD incursions, even discounting the risk from unofficial animal 
movements. It is therefore unlikely that FMD control and eradication can be achieved in 
the MTM Zone without first addressing the disease at its source.  
A more appropriate approach to zoning might have been selection of an area where the 
population of livestock exceeds demand and where livestock are moved out of an area 
rather than into it, such that the risk of FMD incursions would be low. With the objective 
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of controlling FMD in the MTM Zone and thus accelerating achievement of FMD free 
zone status, a useful approach might be to identify the source of livestock destined for the 
MTM Zone and incorporate that area into the MTM Campaign. 
3.9.2 Benefits to member countries and alignment of national and regional priorities 
An important factor in the success, or otherwise, of zoning is the alignment between the 
regional objectives and the national objectives of a disease control program. When 
establishing an FMD control zone on a regional scale, clear advantages should be 
demonstrable to the individual member countries, should the zoning campaign be 
successful. This might help to: ensure greater commitment from member countries; attract 
greater support from stakeholders (including the private sector); and optimise the 
investment in the program from national governments. The objectives and benefits of the 
MTM Campaign do not appear to be well aligned with individual national strategies of the 
MTM member countries, which may be a limiting factor in the success of the campaign. 
One of the aims of creating a zone is to facilitate safe trade of livestock. This would be 
most beneficial, therefore, for countries (or areas within a country) which are in a position 
to export animals or animal products but are excluded from export markets due to the 
presence of FMD. The MTM Zone, with its low density of livestock and high demand for 
livestock products, would have little potential to export in the near future, irrespective of 
the FMD status within the Zone. There are some markets which may be accessed, such as 
establishing a Halal food production and export industry in Malaysia (Department of 
Veterinary Services, 2008), but this remains highly reliant on imported raw materials. 
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The benefits of eradicating FMD at the national and local level have not been well 
documented or quantified and more research is needed into the costs and benefits of 
controlling FMD in the MTM Zone. The results of such a study might help to determine 
whether the MTM Zone is suitable as a target for a control program and, if so, help to 
communicate the benefits to different stakeholder groups. For future zoning programs, it 
would be advantageous to conduct such a study at the outset of the program. Where 
programs have benefits at the regional level, but costs may be incurred by individual 
countries, some spreading of the costs or contributions from potential benefactors might 
help to build commitment to the program. 
An example of where the priorities of the MTM Campaign are conflicting with current 
national priorities is in the case of Malaysia. While efforts have been made to control FMD 
in Peninsular Malaysia and to reduce the risk of FMD incursions into the country, the main 
priority of the Malaysian Government, at this time, is to increase the size of the cattle and 
goat breeding herds within the country. This has lead to expansion of the volume of live 
animal imports and exploration of new sources of livestock. Importing increased volumes 
of livestock and sourcing of livestock from FMD infected countries is likely to increase the 
risk of FMD incursions into the MTM Zone. This conflicts with the priorities of the MTM 
Campaign.  
3.9.3 Surveillance, reporting, vaccination and emergency response 
While this analysis has focused on the control of animal movements into the MTM Zone, 
other criteria necessary to achieve and maintain a particular zone status should be 
considered. According to the zone definitions under the MTM Campaign (Turton, 2004), a 
zone must be able to demonstrate a given level of surveillance, disease reporting, 
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emergency response, vaccination and public awareness. At present, it is unlikely that any 
of the MTM countries are achieving the level of surveillance required by the OIE, although 
Malaysia has demonstrated the capacity to do this when it achieved, and since maintained, 
FMD free zone status in Sabah and Sarawak (OIE, 2010e). However, while disease 
outbreaks continue to occur, surveillance to demonstrate the presence of disease is not 
particularly necessary and the focus should perhaps be on determining the prevalence of 
disease and thus being able to monitor the patterns of disease and/or impact of control 
measures. 
The ability to implement successful and effective vaccination programs and to respond to, 
and investigate, disease outbreaks are all important components of zoning. A critical 
analysis of these aspects for the surveillance and control of FMD in the MTM zone will be 
covered in the next chapter. 
3.10 Conclusions 
The analysis reported in this chapter confirmed that there is a high volume of livestock 
movement into the MTM Zone. Given that spread of FMD is most commonly associated 
with movement of infected animals (Kitching and Alexandersen, 2002), this may be 
considered to be the greatest contributor to spread of FMD in the MTM Zone and re-
introduction of FMD into this area. The greatest contributors to this risk are likely to be 
cattle and buffalo, followed by small ruminants. Pigs are believed to represent a lesser risk 
given the small volume of pig movements into the MTM Zone and that pigs are less 
susceptible to the FMD strains currently endemic in this region.  
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While quarantine procedures are in place at the MTM border, these systems are unlikely to 
be 100% effective and as long as live animals from FMD infected areas continue to be 
imported into the zone, there will remain a risk that FMD will be introduced 
(Wongsathapornchai et al., 2008a). In addition to the risk of quarantine system failure, 
there is also the risk of live animals moving into the MTM Zone unofficially without 
passing through any regulatory processes. This unofficial movement is likely to represent 
the greatest level of risk. 
Significant volumes of livestock products are also imported into the MTM Zone, which 
could represent a risk for FMD incursions, particularly where the meat has been 
inadequately processed and where there are opportunities for the meat to contact local 
livestock populations. This is particularly important where meat products are sourced from 
areas which have FMD viral strains exotic to the MTM member countries and could thus 
have disastrous consequences for the disease control program, should the virus be 
introduced. Other risk materials are believed to represent a far smaller risk than live 
animals and animal (meat) products. 
Establishing the MTM Zone as a distinct sub-population of livestock, given the current 
demands from within the Zone, is unlikely to be a feasible option at this time. Although 
geographical features of the MTM Zone favour control of animal movement, restrictive 
border controls are unlikely to be successful. This is particularly true where they are time 
consuming, expensive or difficult to follow causing traders to opt for unofficial 
importation of livestock. Despite having border controls in place since 2003, there have 
been repeated introductions of FMD into the MTM Zone (Hammond et al., 2009). It is not 
clear whether this is due to failure in the quarantine system, or to high volumes of 
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unofficial movement. Focusing disease control efforts at the source of livestock destined 
for the MTM Zone may be a feasible approach to reducing the prevalence of disease within 
the Zone. 
This analysis highlighted the importance of quantifying and communicating the costs and 
benefits of establishing and maintaining a disease control zone at regional, national, local 
and individual farmer levels. Unless benefits of achieving FMD freedom are perceived by 
the different stakeholders, the program is unlikely to receive support. It is also important 
that the costs of the program are shouldered by those countries or groups which are 
expected to accrue the greatest benefits. In some cases, for example, an importing country 
may need to invest in disease control measures within the exporting country, particularly 
where resources in the exporting country are insufficient to fund such a program.   
Future zoning initiatives should also consider the priorities of the member countries 
involved in the program and whether the objectives of the zoning program are aligned with 
these. The example of Malaysia increasing live animal imports to improve self-sufficiency 
levels shows how a disease control program may be threatened when it conflicts with the 
interests or objectives of individual member countries. 
3.11 Thesis objectives 
This thesis will focus on assessing the risk for FMD incursions into the MTM Zone and 
how the risk may be reduced in order to accelerate achievement of FMD free zone status in 
the MTM Zone. This will look beyond the MTM Zone boundary to identify the source of 
live animals destined for the MTM Zone and attempt to highlight critical areas which may 
be targeted to reduce the risk of FMD incursions into the Zone. While stopping importation 
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of live animals into the MTM Zone would largely eradicate this risk, it is not considered a 
feasible option at this time. While there is demand for importation of live animals to be 
used: in Muslim festivals; as a source of freshly killed product; and as breeding animals, 
importation of animal products instead of live animals is unlikely to be an acceptable 
alternative. Therefore, an aim of this thesis is to explore ways to facilitate the safe 
movement of livestock rather than attempt to stop trade. 
Although small ruminants and cattle have both been identified as important risks to the 
MTM Zone, this study focused only on cattle and buffalo, given that these are moved in 
the greatest volume and are therefore likely to pose a greater risk. However, small 
ruminants may be highly important given that the signs of FMD in these species are 
frequently mild or absent and that they may be responsible for a degree of „silent spread‟ of 
FMD. While studying the role of small ruminants is beyond the scope of this thesis, it will 
be recommended that further research be conducted in this area to support the MTM 
Campaign. 
Based on the conclusions drawn from this strategic analysis of the MTM Zone, the 
objectives of this thesis are: 
 To conduct an analysis of the epidemiology of FMD in the MTM Zones in order to 
determine how FMD is maintained within the zone, whether virus is introduced 
from other areas and from where virus is introduced. 
 To conduct a critical analysis of data derived from national surveillance systems in 
each of the member countries and assess the ability of this surveillance to detect 
disease and/or determine the prevalence of FMD within the MTM Zones. This is 
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useful to determine whether the MTM member countries have suitable surveillance 
systems in place to satisfy the zone requirements and to consider how these might 
be improved.  
 To identify the main trade movements of cattle and buffalo destined for the MTM 
Zone and, in so-doing, identify the source and transit areas of those livestock. 
 Identify the stakeholders involved in the trade of cattle and buffalo in the MTM 
member countries and the practices employed by the different stakeholders in order 
to highlight biosecurity concerns and potential targets for intervention measures. 
 To identify critical points in the major livestock trade pathways that could be 
targeted to reduce the risk of FMD entering the MTM Zones. 
 To compare the effectiveness of different FMD control measures focusing on 
intervention at the critical points identified through the livestock trade pathway 
study. 
The outcome of this study will be used to generate recommendations to the MTM Tri-State 
Commission on how the MTM Zone might be managed more effectively and thus progress 
more rapidly towards achievement of free zone status.  
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4 Retrospective analysis of Foot and Mouth Disease in the Malaysia, 
Thailand, Myanmar Zone and critical analysis of data sources 
4.1 Aim 
To conduct a retrospective analysis of the epidemiology of FMD in the MTM Zone and to 
critically analyse the available data in order to identify gaps and make recommendations to 
the MTM Tri-State Commission on ways in which data might be improved. 
4.2 Background 
This retrospective analysis addresses a need to better understand the epidemiology of FMD 
in the MTM Zone. While each country collects its own data on FMD and a small amount 
of research has been conducted in the MTM member countries on FMD, this is the first 
time that information from the three member countries has been brought together to 
analyse the epidemiology of FMD within the whole MTM Zone. This chapter is based on 
information gathered from existing sources of data and does not involve collection of new 
data. Therefore, the study will also demonstrate strengths and deficiencies in the current 
surveillance systems of the member countries and highlight areas where surveillance could 
be improved in order to generate more useful data. The latter will be addressed in a critical 
analysis of data in the discussion section of this chapter.  
4.3 Materials and Methods 
4.3.1 Retrospective analysis of FMD 
The retrospective analysis of FMD was conducted by gathering data from a number of 
sources in order to describe the epidemiology of FMD in Malaysia, Thailand and Myanmar 
generally, but also focusing specifically on the MTM Zone. The data was gathered only 
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from sources which were publicly available (through the internet), published in journals, or 
from presentation at regional meetings of SEAFMD and SEACFMD. The specific sources 
of data include the following: 
 outbreak reporting by member countries through the monthly reporting system of 
the OIE SEACFMD RCU in Bangkok;  
 results of serological surveys conducted in the MTM member countries and 
published or presented by the veterinary authority of each member country 
 results of outbreak investigations which have been published or presented by the 
veterinary aiuthority of each member country 
 research which has been conducted in the MTM member countries and published in 
journals 
 Country status reports for FMD presented by MTM member countries at regional 
meetings of SEAFMD and SEACFMD 
 Results of virus sequencing sourced from information published by the WRL and 
RRL for FMD.   
These data were used to describe temporal and spatial patterns of FMD occurrence in the 
MTM Zones from 2000-2009 and also to describe what is known of the role of different 
species in the epidemiology of FMD in the MTM Zones. Various factors, including: 
livestock imports and exports, livestock density, demand for livestock products, livestock 
species, and level of disease reporting were considered in terms of their potential impact on 
the disease status and/or disease reporting in the MTM Zone. Data for these factors were 
again taken from published sources or from information provided by MTM member 
country veterinary authorities. Associations between these factors and the number and 
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distribution of FMD outbreak reports were explored in this chapter. However, where data 
was found to be incomplete, statistical analysis was not considered feasible or indeed 
useful. In such cases apparent associations between various factors and disease reports 
were discussed, but statistical analysis was not used in the most part. In a small number of 
cases, correlation analysis was used to examine relationships further. Where this was done, 
Microsoft excel, 2010 correlation function from the data analysis add-on was used to 
conduct simple analyses. 
4.3.2 Critical analysis of data 
The second component of this study involved a critical analysis of data used to inform the 
retrospective analysis of FMD. Some of the data used for this study were sourced from 
both active and passive surveillance conducted in MTM member countries and therefore an 
assessment of strengths and deficiencies found in these data were explored and discussed 
and then used to generate recommendations to the MTM Tri-State Commission on how 
surveillance systems might be improved in order to generate more useful data in the future.    
4.4 Results 
4.4.1 Viral serotypes and strains in the MTM Zones 
Foot and Mouth Disease consists of seven immunologically distinct serotypes, of which 
infection (or vaccination) with one serotype does not confer protection against others 
(Kitching et al., 2005). Due to this antigenic diversity, and failure to cross-protect, 
different serotypes may have dissimilar epidemiological patterns. Therefore, each of the 
serotypes: O, A and Asia-1 will be considered separately in this analysis. 
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4.4.1.1 Serotype O 
Serotype O is the most commonly isolated serotype of FMD in South-East Asia (Knowles 
et al., 2005). Within serotype O, there are genetically and geographically distinct 
evolutionary lineages (or topotypes) (Samuel and Knowles, 2001). The most common of 
these to be isolated from the MTM Zone is the South-East Asia (SEA) topotype (My98 
lineage) (Knowles, 2007; Knowles, 2009). Historically, this was the only topotype to occur 
in South-East Asia but introductions of other topotypes and strains have occurred within 
the past 20 years, including: SEA topotype (Cambodia 94 strain); Cathay topotype; and 
ME-SA topotype (substrains: Pan-Asia 1, Pan-Asia 2, and Ind2001) (Samuel and Knowles, 
2001; Knowles et al., 2005). 
4.4.1.1.1 South-East Asia Topotype 
Phylogenetic analysis of FMD viruses conducted by Abdul-Hamid et al. (2011) showed 
that Malaysian isolates belonging to SEA topotype (My98) were highly similar to those in 
neighbouring countries and that the viruses appear to cluster based on year. This may 
therefore indicate that SEA topotype virus is re-introduced to Malaysia from neighbouring 
countries on a regular basis rather than being maintained within Malaysia. Viral 
sequencing results conducted at WRL and presented by Hammond et al. (2009) also 
demonstrated high similarity between viruses isolated from Myanmar, Thailand and 
Malaysia. More specifically to the MTM Zone, the analysis presented by Hammond et al. 
(2009) showed high similarity between viruses isolated in Central Myanmar and the non-
MTM Zones of Thailand with those isolated within the MTM Zone. Thus, indicating a 
likely movement of virus between these areas. 
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As well as the similarity between virus isolated in different areas, there is also evidence 
that particular strains are maintained within specific areas, for example, isolates collected 
in Myanmar in 2004 were closely related to isolates collected in 1999, 2000 and 2002 in 
the same country (Hammond et al., 2009), possibly suggesting maintenance of this strain 
within Myanmar during that period.  There also appears to have been maintenance of Pan-
Asia 2 lineage of the ME-SA topotype within Malaysia from 2003-2009, without this 
lineage appearing to occur anywhere else in South-East Asia (Abdul-Hamid, 2011). The 
detail of this topotype will be explored in more detail in section 4.4.1.1.2. 
4.4.1.1.2 Middle East-South Asia topotype 
A number of incursions of viruses belonging to ME-SA topotype have occurred into the 
MTM Zone in recent years. While ME-SA topotypes (specifically Pan-Asia 1) have 
continued to circulate in South-East Asia (Abdul-Hamid, 2011), SEA (My98) has 
dominated the samples submitted from MTM member countries since 2007 (Knowles, 
2007; Knowles, 2009).      
A strain of the ME-SA topotype of serotype O was first recorded in Malaysia in 1995 
(Samuel and Knowles, 2001) and was not isolated from any other South-East Asian 
country at that time. This virus was found to be closely related to viruses from India and 
the Middle East and was most likely introduced to Malaysia from India (Samuel and 
Knowles, 2001). While this virus was initially believed to belong to the Pan-Asia sub-
lineage, it was later found that ME-SA viruses isolated from 1994 to 1997 in Asian 
countries, outside of India, belonged to one of two distinct lineages (Ind2001 or Iran2001) 
(Knowles et al., 2005). 
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In 1999 another strain of ME-SA topotype, known as Pan-Asia 1, entered South-East Asia, 
probably from China, and spread rapidly through the region (Knowles et al., 2005). The 
virus was first isolated in South-East Asia in 1999 and 2000 from Thailand and Malaysia, 
respectively. By April 2000 outbreaks of Pan-Asia 1 had been experienced throughout 
mainland South-East Asia (Knowles et al., 2005). This strain was again isolated in 
Malaysia in 2009, several years after it was last found in that country. The recently isolated 
virus was most closely related to Pan-Asia viruses in Malaysia from 2004 (Knowles, 
2009), but appears to be relatively distinct. Whether this represents another incursion of 
virus or whether the virus has been maintained in Malaysia in the intervening years is not 
clear.  
A third reported incursion of ME-SA topotype into South-East Asia occurred when another 
sub-lineage of the O Pan-Asia strain, known as Pan-Asia 2, was detected in Malaysia 
during 2003-2009 (Abdul-Hamid, 2011). This strain was first identified in India in 2001 
and, given the similarity between viruses isolated in both India and Malaysia, it is thought 
that the virus entered Malaysia directly from India (OIE/FAO FMD Reference 
Laboratories Network, 2006). Sequencing conducted by Abdul-Hamid et al. (2011) suggest 
a single introduction of the Pan-Asia 2 strain into Malaysia from South Asia with 
subsequent maintenance of that virus within Malasyia until 2009. 
Malaysia‟s apparent role as a point of entry (or detection) of exotic viral strains of 
Serotype O into South-East Asia from India and/or China is interesting in that it does not 
support introduction through known pathways of live animal movement 
(Wongsathapornchai et al., 2008a, Abila and Cocks, 2008) and may therefore involve 
previously un-recognised pathways or other routes of entry, such as via legally or illegally 
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imported livestock product. Malaysia imports significant quantities of beef from India 
(Warr et al., 2008) which would be a possible explanation for the movement of virus from 
India to Malaysia. Introduction of FMD virus through contaminated animal product would 
most likely involve pigs as the index case (due to their increased susceptibility through oral 
infection and increased opportunity to contact contaminated animal product through swill 
feeding, as compared to other species). Some positive samples from pigs were sequenced 
by WRL, and found to belong to the Pan-Asia strains (Knowles, 2005). However, a lack of 
investigation of outbreaks, or reporting thereof, prevents any conclusions from being 
drawn regarding the route of introduction of the virus and identification of the index case. 
While detection of exotic viral strains in Malaysia could be explained by better 
surveillance and detection, it is notable that in the case of the 1995 introduction, and the 
later Pan-Asia 2 introduction, the virus was never isolated from other countries in the 
region, whereas Pan-Asia 1, which was initially reported in Thailand, was detected 
throughout the region relatively rapidly. Therefore, this adds support for the theory that 
Malaysia has been the point of incursion of new viral strains into South-East Asia on a 
number of occasions.   
In the Middle-East, the Pan Asian strains are now isolated from most samples of clinical 
disease, indicating that this strain has dominated and possibly out-competed other strains 
of FMD virus (Knowles et al., 2005). However, the same does not appear to be true in 
South-East Asia. The SEA topotype continues to be isolated from a high (and apparently 
increasing) proportion of samples submitted from this region (OIE/FAO FMD Reference 
Laboratories Network, 2005, 2006, 2007 & 2008). This may be due to some level of 
adaptation of the SEA topotype in the region, or it could be that the Pan-Asia strains 
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continue to occur but, for some reason, are not sampled or sent for sequencing as 
frequently as the SEA topotype (perhaps due to a lower virulence, or other reason which 
might reduce detection, reporting and/or sampling of livestock infected with these viruses).   
4.4.1.1.3 Cathay topotype 
The Cathay topotype of serotype O is highly adapted to the pig host and therefore has a 
markedly different epidemiology to other topotypes. Cathay is the only topotype to be 
isolated in the Philippines in recent years and was confirmed in Vietnam in 1997, where it 
continues to occur sporadically (OIE SEAFMD, 2009a). In Thailand and Malaysia, Cathay 
topotype was introduced in 2005 but was rapidly controlled and eradicated. Both Thai and 
Malaysian isolates show close similarity with Vietnamese strains (Knowles, 2005). 
Limited information is available on the outbreaks of Cathay topotype in Malaysia which 
was rapidly controlled through depopulation of the affected pig population. There is 
suspicion that the virus was introduced in shipments of frozen suckling pigs (bone-in 
carcasses) from Vietnam (personal communication, Naheed Mohammed Bin Hussein, 
2009). Live pig movements also occurred from Vietnam to Thailand at that time (Abila 
and Cocks, 2008), which may have introduced Cathay topotype into Thailand. However, 
since that time, this movement pathway of live pigs has largely ceased due to increased 
demand in China (Cocks et al., 2009).    
4.4.1.2 Serotype A 
Serotype A occurs annually throughout Thailand, including in the MTM Zone. In 
Malaysia, no outbreaks of serotype A were reported from 1997 until 2002 (Knowles, 
2009). From 2002 to 2009 there appears to have been sporadic outbreaks of serotype A 
(with the exception of 2006 when no outbreaks were reported) (OIE SEAFMD, 2009a; 
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Knowles, 2009). Rare, sporadic outbreaks of Serotype A were reported in Myanmar in 
1999 (Maung Latt, 2009a) and 2010 (Naing Oo, 2011). The outbreak in 1999 was either 
rapidly controlled, or was no longer reported but appeared to be short-lived.  In October 
2010, an outbreak of serotype A was reported in Rakhine State in Myanmar which borders 
Bangladesh. According to an outbreak investigation conducted by Naing Oo (2011), the 
virus appeared to have originated from a common grazing ground used by cattle and 
buffalo close to the Bangladesh border. Viral sequencing results showed that the virus 
isolated in Myanmar had high similarity to Ind2000 strain (Naing Oo, 2011). This 
highlights another possible route of entry of exotic strains of FMD virus into the MTM 
member countries, as well as into South-East Asia, from other regions. 
All serotype A isolates from South-East Asia belong to the Asia topotype. According to 
reports from the WRL, samples collected in Malaysia and Thailand show very high 
similarity (OIE/FAO FMD Reference Laboratories Network, 2006; Abdul-Hamid et al., 
2011). This similarity might indicate that serotype A outbreaks in Malaysia occur as a 
result of repeated introductions from Thailand without maintenance of the virus in 
Malaysia. In support of this, phylogenetic analysis conducted by Abdul-Hamid et al. 
(2011) show that viruses are grouped according to year, for example isolates collected 
from Malaysia in 2002 and 2009 show high similarity to virus collected from Thailand and 
Vietnam in the same year (Abdul-Hamid et al., 2011).   
In the MTM Zone of Thailand, frequent outbreaks of serotype A are reported. A report 
from the WRL showed that viruses isolated from samples in the MTM Zone in 2008 had 
very high similarity with virus from North and North-Eastern regions of Thailand 
(Hammond et al., 2009).  
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The serotype A viruses isolated in Thailand and Malaysia in 2007-2008 fall within 3 sub-
lineages. In 2008, sublineage (iv) viruses were isolated from upper areas of Thailand as 
well as the MTM Zone (Hammond et al., 2009). However, sublineage (iii) viruses were 
only isolated from the MTM Zone, and not from areas to the north (Hammond et al., 
2009). This may suggest that there was maintenance of a distinct lineage in the MTM Zone 
of Thailand and Malaysia. However, the number of samples sequenced was very low and 
therefore Sublineage (iii) may have occurred elsewhere but was not sampled or sequenced. 
Thailand appears to be the major area for maintenance of serotype A, which might suggest 
a level of adaptation to some factor in the Thai environment. Periodic incursions into other 
countries have lead to sporadic outbreaks.  In January 2009, serotype A appeared in China 
for the first time since the early 1960‟s (OIE, 2010c). The virus isolated in China had very 
high similarity with virus from Thailand. This recent incursion may be due to increased 
demands for livestock in China (Cocks et al., 2009) which has increased importation of 
livestock from various sources. A new outbreak of serotype A was also reported in South 
Korea (OIE, 2010d).  
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Figure 4.1: Phylogenetic tree of FMD virus serotype A collected in South-East Asia (Knowles, et al., 2006). 
In Figure 4.1 the similarity of serotype A (Asia topotype) from 1997 to 2005 is displayed. 
The phylogenetic tree indicates that serotype A is not maintained in countries other than 
Thailand but rather it appears to occur sporadically. This could result from repeated re-
introductions and then extinctions of the virus in populations outside of Thailand. While 
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outbreaks of serotype A occur on a very regular basis in Vietnam and Malaysia, there does 
not appear to be any divergence into distinct groups or sublineages (clusters within each 
country) which might be expected if serotype A was being maintained within Vietnam or 
Malaysia and evolving independently of the Thai lineages.   
4.4.1.3 Serotype Asia 1 
 Serotype Asia 1 was first detected in India in 1951-52 (Dhanda et al., 1957). Outbreaks of 
this serotype occur regularly in the Indian Sub-continent (Valarcher et al., 2009) but are 
only reported sporadically in South-East Asia (OIE SEAFMD, 2009a).   
Asia 1 serotype is sub-divided into groups numbered I to IV. Viruses belonging to type IV 
were isolated from: China (Yunnan Province), Myanmar and Vietnam in 2005 and 2006 
(Valarcher, et al., 2009). The viruses responsible for these outbreaks were related to 
viruses collected in Thailand in 1998 and belong to a group that were found only in South-
East Asia and Hong Kong from 1974-2006 (Valarcher et al., 2009). Only two viruses 
isolated from South-East Asia have not belonged to this sub-group: one was an old vaccine 
strain (Bangkok/Thailand/60) and the other occurred in Myanmar in 2001 (MYA/2/2001) 
(Valarcher et al., 2009).   
Valarcher et al. (2009) described that the virus isolated in Myanmar had high similarity 
with Indian virus isolates, suggesting a possible introduction from the Indian Sub-
continent. Several viruses belonging to two different sublineages of group IV were 
detected from 1997-2000 and again in 2005, implying either the presence of multiple 
lineages in Myanmar or that there were multiple introductions (Valarcher et al., 2009).   
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The Asia 1 outbreak reported in Myanmar in 2001 occurred in Rakhine State (OIE 
SEAFMD, 2009a) which borders Bangladesh (Figure 
4.2). A high volume of border trade exists between 
Rakhine State and Bangladesh in various commodities 
(Department of Border Trade of Myanmar, 2009).  
While the direction of livestock trade is generally out 
of Myanmar and into Bangladesh (Naing Oo, 2010), 
introductions of virus may still occur when potentially 
contaminated goods are imported from Bangladesh, or 
where retrograde livestock trade occurs (likely to be a 
rare event, but could occur occasionally). Communal 
grazing areas or communities which span borders in 
this area also represent a potential point of 
transmission, as demonstrated in a recent outbreak of 
serotype A (Naing Oo, 2011). Given a lack of information about this outbreak, it is not 
possible to identify its exact source, but similarity of the strains in Myanmar and India and 
the locality of the outbreak to the Bangladesh border would suggest that Myanmar is a 
likely entry point for this exotic strain into South-East Asia. 
The last two Asia 1 outbreaks reported in Malaysia occurred in 1986 and 1999 (Knowles, 
2009) and in Thailand in 2001 (Valarcher et al., 2009). Little information is available on 
these outbreaks, but the occurrence of Asia 1 appears to be sporadic in Malaysia and 
Thailand.  
 The location of serotype Asia 1 viruses in 
Myanmar (2001-2005) 
Figure 4.2: The location of FMD rotype 
Asia 1 outbreaks in Myanmar (2001-2005) 
(OIE SEACFMD, 2010). 
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4.4.2 Temporal Distribution of FMD 
In this review of temporal patterns in the MTM Zone both long term trends (from 2000-
2009) and short term, or seasonal, trends will be discussed. The serotypes included are O 
and A (as Asia 1 has only occurred sporadically in the MTM Zone). The patterns described 
are predominantly for the MTM Zones of Malaysia and Thailand and the non-MTM Zones 
of Thailand. Myanmar MTM Zone is not included here as, for the time period analysed, 
there was only a single outbreak of FMD reported in 2007.  
4.4.2.1 Long-term trends 
4.4.2.1.1 Serotype O 
In Figure 4.3 the annual number of outbreak reports of serotype O in the MTM Zones of 
Malaysia and Thailand, and non-MTM Zones of Thailand from 2000-2009 (January-June) 
are displayed (OIE SEAFMD, 2009a).   
The temporal patterns of outbreaks in the MTM and non-MTM parts of Thailand are 
similar, with a peak in 2001, a downward trend to 2006 and subsequent increase in 2007. 
When there are high numbers of outbreaks in the non-MTM region of Thailand, the 
number of outbreaks in the MTM Zone is also higher, indicating that a linear correlation 
exists (r = 0.83, p < 0.01) between the FMD status in upper Thailand and in the MTM 
Zones of Thailand (Figure 4.4).  
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Figure 4.3: The annual distribution of outbreaks of serotype O reported in the MTM Zone of Thailand (a), the MTM Zone of Malaysia 
(b) and the non-MTM Zone of Thailand (c) (OIE SEAFMD, 2009a) (2009 figures are for January to June only). 
 
Figure 4.4:  The number of outbreaks of serotype O reported in the MTM Zone of Thailand plotted against the number of outbreaks 
reported in the non-MTM Zone of Thailand (OIE SEAFMD, 2009a). 
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A reduction in the number of outbreaks reported in 2006 is notable across all of Thailand 
and is observed for both O and A serotypes. This decline has been attributed to widespread 
vaccination in Thailand which commenced in June, 2006. However, the low numbers of 
outbreaks seen from early 2006 (prior to the start of the vaccination campaign) suggest that 
additional factors may be involved. Following the reduction in outbreaks in Thailand 
during 2006, the number of outbreaks began to increase again from 2007-2008. This may 
be due to any number of factors such as: waning immunity (through continued 
introductions/birth of naïve animals); poor vaccination coverage (personal communication, 
Banjong Jongkrakwattana, 2009); high exposure/challenge leading to vaccine breakdowns; 
increased outbreaks in the north of Thailand leading to increased risk of outbreaks in the 
MTM area; and/or increased movement of livestock into Thailand from neighbouring 
countries in response to increased demands. In 2007-2008, a sharp increase in importation 
of livestock from Thailand to Malaysia (Naheed, 2009a) and increased demand for 
livestock in Vietnam and China likely resulted in increased livestock movements through 
Thailand (originating within Thailand or Central Myanmar and transiting through 
Thailand) (Cocks et al., 2009).    
In Malaysia, the number of outbreaks of serotype O increased from 2002-2008, without the 
decline observed in Thailand in 2006. Increased outbreaks of serotype O in Malaysia 
despite reductions in Thailand indicates that outbreaks may have been occurring in 
Malaysia which were not the result of introductions from Thailand (alternatively, 
outbreaks may have occurred in Thailand but were not detected). This may have been due 
to the occurrence of serotype O ME-SA topotype (Pan-Asia 2) which was present in 
Malaysia at that time, but not occurring anywhere else in South-East Asia. In 2006, four 
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out of five viruses from Malaysia sequenced at WRL belonged to Pan-Asia 2 sub-lineage, 
while only one virus belonged to SEA topotype (Knowles, 2006). The latter was closely 
related to Thai viruses isolated in 2005. Given the very low number of sequenced viruses 
(Knowles, 2006) and that it is unknown whether the samples sent for sequencing were 
randomly selected from all outbreaks in Malaysia, the extent to which Pan-Asia 2 or My98 
strains contributed to the total number of outbreaks in Malaysia in 2006 cannot be 
confirmed. 
A number of factors may have contributed to the observed increase in FMD outbreaks 
reported in Malaysia from 2000-2008, including: closure of official livestock imports from 
Myanmar and Thailand in 2003, potentially leading to increased unofficial influx of 
livestock (Banks, 2004); introduction of new strains of FMD from 2003-2005(OIE/FAO 
FMD Reference Laboratories Network, 2006);  breakdown of internal livestock movement 
controls in Malaysia in 2003, following focus of resources towards control of avian 
influenza (personal communication, Naheed Mohammed Bin Hussein, 2008), causing 
increased livestock movement throughout the country; increased imports of livestock from 
Thailand from 2007-2008 following reduction in cattle sourced from Australia (Naheed, 
2009a) (official cattle import figures for Malaysia from 2004-2009 are displayed in Figure 
4.5); increased total volume of imports (including livestock products) due to growing 
demand (Naheed, 2009a); and introduction of a new outbreak reporting system in 2008 
(Naheed, 2009a).  
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Figure 4.5:  Official cattle imports (volume and source) for Malaysia from 2004-2009 (Naheed, 2009a). 
Outbreak reports from Malaysia declined from the second half of 2008, throughout 2009 
(Naheed, 2009a; OIE SEAFMD, 2009a), with absence of the seasonal peaks usually 
observed. This reduction was attributed to a new control strategy implemented in 2008 
(Naheed, 2009a) in which quarantine procedures were made more simple for traders to 
follow, through introduction of private quarantine stations and reducing time aimals are 
quaratied for thus more straightforward quarantine procedures, resulting in fewer unofficial 
movements of livestock. At the same time, increased reporting of outbreaks was expected 
through implementation of a new reporting system. Therefore, it is less likely that the 
reduction in outbreak reports was due only to reduced reporting rather than to a true 
reduction in the number of outbreaks. 
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4.4.2.1.2 Serotype A 
 
Figure 4.6:  Yearly distribution of outbreaks of FMD serotype A reported in the MTM Zone of Thailand (a), Malaysia (b), and the non-
MTM Zones of Thailand (c) (OIE SEAFMD, 2009a). 
In Figure 4.6, the number of FMD outbreak reports in Malaysia and Thailand from 2000-
2009 are displayed. In 2003, the first outbreak of serotype A was reported in Malaysia, 
after an absence of several years (OIE SEAFMD, 2009a) although results from Knowles 
(2009) suggests that serotype A was present in Malaysia from 2002. The emergence of 
serotype A in Malaysia in 2002-2003 corresponds with increasing numbers of outbreaks 
reported in Thailand at that time. This increase in Malaysia may have been a consequence 
of: the increased level of disease in Thailand (thus increasing the risk of importing an 
animal infected with FMD virus, serotype A); a change in the virus which resulted in an 
increased chance of detection and/or reporting in both countries simultaneously (increased 
virulence, altered host rage, etc); increased volume of livestock imported from Thailand 
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(particularly increased unofficial movement following closure of the Thai-Malaysia border 
in 2003); a combination of these; or other factors not yet identified.   
The continued occurrence of serotype A reported in Malaysia from 2002-2005 may have 
been due to repeated introductions from Thailand or initial introduction from Thailand and 
then maintenance of the virus within Malaysia. The former is considered more likely given 
that serotype A was not reported in Malaysia in 2006, when this serotype was also absent 
from the MTM Zones of Thailand and the close similarity between Malaysian and Thai 
isolates of serotype A each year. Also, the behaviour of this viral strain in South-East Asia 
suggests that it is not maintained effectively in many countries outside Thailand and 
appears to occur only sporadically elsewhere (OIE SEAFMD, 2009a). 
4.4.2.1.3 Total outbreaks reported 
Consideration of all reported outbreaks, including outbreaks that weren‟t sampled or typed 
is included here as these could potentially impact on the patterns of outbreaks seen when 
assessing serotypes A and O in isolation. Given that FMD serotypes are antigenically 
diverse and do not cross-protect, they effectively behave as two separate diseases. 
Therefore reports of outbreaks, for which the serotype is not known, are of little value 
when studying the epidemiology of FMD. The graphs in Figure 4.7 give an indication of 
the proportion of outbreaks which have been sampled and serotyped. This can provide an 
indication of how confident we can be in the patterns observed for serotypes O and A. For 
Malaysia, almost all outbreaks have been serotyped from 2003 and the small number of 
un-typed outbreaks are unlikely to have a major impact on the trends observed for 
serotypes O or A. In Thailand, however there are considerable numbers of outbreaks for 
which the serotype is not available, although there was some improvement in 2008-2009.   
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Failure to sample outbreaks also reduces a country‟s ability to rapidly detect incursions of 
exotic serotypes or exotic diseases into the country or zone. 
 
Figure 4.7: Total number of outbreaks reported in the MTM Zone of Thailand (a), Malaysia (b) and the non-MTM Zone of Thailand (c) 
(OIE SEAFMD, 2009a). 
4.4.2.2 Seasonal Trends 
From 2001-2007, the number of outbreaks in Malaysia increases at the beginning and the 
end of each calendar year (Figure 4.8). From 2008-2009, the trend appears to change, with 
a peak in reported outbreaks early in 2008 followed by a gradual decline into 2009. The 
decline in outbreaks reported, and absence of the usual seasonal peaks in late 2008-2009 
has been attributed to implementation of the new control strategy in Malaysia. The control 
strategy included: introduction of private quarantine stations, making importation of 
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livestock easier for traders and thus reducing the number of animals entering Malaysia 
unofficially; increased enforcement of border controls; and introduction of an FMD 
outbreak reporting system (Naheed, 2009a).   
The seasonal trends observed in Malaysia from 2001-2007 are believed to be associated 
with two Muslim festivals, Hari Raya Idul Fitri and Hari Raya Korban. Hari Raya Idul Fitri 
is a feasting celebration, marking the end of the fasting month of Ramadan, while Hari 
Raya Korban involves sacrificial slaughter of livestock. Both festivals increase the demand 
for livestock and their products, leading to increased volumes of imports and increased 
domestic animal movements prior to, and during these celebrations.   
While these festivals fall on the same day on the Islamic calendar every year, they do not 
fall on the same Gregorian calendar day (11 days earlier each year).  Therefore, the peak of 
the outbreaks would be expected to shift slightly over time if they were associated with 
these festivals. The monthly outbreak reports in Malaysia (from June 2001 to June, 2009) 
relative to the Islamic festive periods are illustrated in Figure 4.9. A positive correlation is 
observed between whether a festival falls within any given month and the number of 
outbreaks reported that month, indicating that there is weak, though significant, 
relationship between festivals and outbreaks (r value = 0.27, P = 0.006) which may be due 
to increased movement of livestock during this time. Therefore, there is expected to be a 
greater risk of FMD outbreaks during festival periods and therefore control measures may 
target these high risk times or practices associated with them. 
The Thai component of the MTM Zone shows a similar trend to Malaysia (Figure 4.10) 
with increased outbreaks at the end of each year, likely due to increased demands in 
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Malaysia and southern Thailand causing increased movement of livestock through 
Thailand to meet this demand. The peak early in the year is less apparent in Thailand than 
it is in Malaysia. There is a peak in May during a number of years (2001-2005), which is 
not apparent from 2006, suggesting that some factor related to those outbreaks may have 
changed since 2006. Wongsathapornchai, et al. (2008a) described increased volumes of 
animal movement from upper areas of Thailand into southern Thailand between the 
months of April and June, thus suggesting that the mid-year peaks in FMD outbreaks may 
also be attributable to periods of increased animal movement. 
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Figure 4.8: Monthly outbreaks of FMD in Malaysia from 2001-2009 (OIE SEAFMD, 2009a). 
  
Figure 4.9: Monthly outbreaks reports (OIE SEAFMD, 2009a). relative to Islamic festivals in Malaysia. The monthly outbreaks reported in Malaysia are represented by the blue 
line and the period of Islamic festivals by the red bars.
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Figure 4.10:  Monthly outbreaks of FMD reported in the MTM Zone of Thailand (OIE SEAFMD, 2009a). 
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4.4.3 Spatial Distribution of FMD 
In the following section, information on the distribution of outbreaks each year at the 
province (Thailand) and State/Division (Myanmar and Malaysia) level in all three member 
countries is described. While the study focuses on the MTM Zone, some consideration was 
given to other regions within the member countries, where relevant to the Zone. 
4.4.3.1 Serotype O 
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Figure 4.11: The spatial pattern of FMD serotype O outbreaks in the MTM member countries from 2000-2009 (OIE 
SEAFMD, 2009a). 
Serotype O is relatively widespread throughout the MTM member countries, with the 
exception of the MTM Zone of Myanmar (Tanintharyi Division) (Figure 4.11). Since 
2000, only one outbreak has been reported in the MTM Zone of Myanmar and this 
occurred in the buffer zone in 2007 (Naing Oo, 2008; OIE SEAFMD, 2009a). From 2000-
2009, outbreaks were reported in all states and divisions of Myanmar, most frequently in 
the Central Plateau (Mandalay, Magway and Sagaing Divisions), Ayerewaddy, Yangon 
and Bago Divisions (OIE SEAFMD, 2009a). The Central Plateau, Yangon and Bago have 
an extensive livestock market system, which may be important in the spread of FMD 
(Robinson and Christely, 2007; Naing Oo, 2010). The number of outbreaks reported from 
Myanmar (non-MTM area) is relatively low as compared to Thailand and Malaysia. 
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However, information collected through participatory methods and surveillance studies in 
Central Myanmar indicate a high level of disease (or infection), and significant under-
reporting of outbreaks (Naing Oo, 2010). 
In Thailand, there tends to be more outbreaks reported in the southern, northern and north-
eastern areas of the country. Some clustering in the North and North-East of Thailand 
might be partially explained by increased livestock density in these areas (Figure 4.12), 
whereas the outbreaks in the south are more likely to be related to livestock movement, 
given that large volumes of livestock are known to move into the MTM Zone (Chotyaputta 
and Chaitaweesub, 2009; Naheed, 2009a). The higher density of small ruminants in the 
MTM Zone of Thailand, compared to other regions in Thailand, may play a role, but as yet 
this is poorly understood. 
 
Figure 4.12:  Livestock density for cattle, buffalo and small ruminants in Thailand (Department of Livestock 
Development, 2007b). 
From 2000-2009, there were significant changes in the spatial distribution of serotype O in 
Malaysia (Figure 4.11). In 2003 there is a shift in the distribution of FMD towards the 
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south of Malaysia. This southerly shift occurred at a time when official imports of 
livestock from Thailand were banned, and therefore more livestock were being imported 
unofficially (Banks, 2004). At the same time, there was a breakdown in the internal 
movement controls, resulting in widespread animal movement and subsequent spread of 
FMD (personal communication, Naheed Mohammed Bin Hussein, 2008). By 2005, FMD 
had been reported in all states of Malaysia. Introduction of exotic strains of disease to 
Malaysia in 2003-2005 (Pan-Asia 2) (OIE/FAO FMD Reference Laboratories Network, 
2006) may have contributed to the change in FMD distribution, particularly if it was 
introduced via livestock product and therefore did not enter through the Thai border-states. 
Another significant geographical shift occurred in Malaysia in 2008, with an increase in 
the number of outbreaks reported in the state of Terengganu, which borders Kelantan State 
to the South, and a reduction in outbreaks in Kelantan. According to Naheed (2008) this 
shift occurred due to greater enforcement of anti-smuggling rules in Kelantan, causing 
traders to transit animals through Kelantan more rapidly to avoid confiscation of 
unofficially imported livestock. Increased volumes of livestock thus moved directly to 
Terengganu from the Thai border, resulting in increased outbreaks in Terengganu, and 
fewer outbreaks in Kelantan. Another state to report higher numbers of outbreaks in 2008 
was Negeri Sembilan. This area is considered important due to a high density of integrated 
cattle and palm systems which are believed to represent a higher risk for FMD 
transmission due to husbandry practices and lack of preventative measures (personal 
communication, Naheed Mohammed Bin Hussein, 2009). Initial introduction of FMD to 
this area may have been due to increased southerly movement of livestock in response to 
greater demand in the south and fewer imports from Australia. 
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4.4.3.2 Serotype A 
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Figure 4.13: The distribution of FMD serotype A outbreaks by State, Province, State/Division in Malaysia, Thailand and Myanmar, 
respectively from 2000-2009 (OIE SEAFMD, 2009a).  
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From 2000-2009, no outbreaks of serotype A were reported in Myanmar, a high number 
were reported in Thailand and relatively few in Malaysia (Figure 4.13). The first report of 
serotype A in Malaysia was in Kelantan (OIE SEAFMD, 2009a), the major crossing point 
for livestock moving from Thailand to Malaysia (serotype A occurred in Malaysia in 2002, 
but no report was submitted to the OIE SEAFMD and the location of the outbreak is 
unknown). From 2004 to 2007 (with the exception of 2006), there were further outbreaks 
of serotype A reported in Malaysia, all of which occurred in states bordering Thailand 
(OIE SEAFMD, 2009). This adds greater support to serotype A outbreaks in Malaysia 
being the result of repeated incursions from Thailand. 
In 2008-2009 the spatial pattern of outbreaks in Malaysia changes, with increased reports 
from southern areas and an absence of reports from states bordering Thailand (OIE 
SEAFMD, 2009). This apparent shift in geographical distribution of serotype A could be 
the result of improved surveillance and reporting systems and/or increased typing of virus 
from the southern provinces, or an actual geographical shift in the occurrence of outbreaks. 
Increased movement of livestock from the North to the South of Malaysia could have 
contributed to this change. Following the reduction of Australian cattle imports into the 
southern state of Johor (Naheed, 2009a), increased movement of livestock occurred from 
Thailand towards the southern states of Malaysia. 
According to sequencing data from WRL (OIE/FAO FMD Reference Laboratories 
Network, 2007) and the outbreak reports for serotype A in South-East Asia (OIE 
SEAFMD, 2009), Thailand appears to be important in maintaining this serotype, with 
periodic incursions into other areas. Therefore, the spatial distribution in Thailand might be 
expected to reflect circulation within the country rather than introductions from outside. 
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Serotype A outbreaks are distributed across most of the country, but occur more regularly 
in the North-East, North, Lower Central and Southern areas of Thailand. There is an 
absence of the disease in the North during some years, but in general there appears to be 
persistence in the North-East.  In almost all years (nine out of the ten years included) there 
are outbreaks reported in Kelasin Province in the North-East of Thailand (Figure 4.14). 
Whether there is maintenance of the virus in some of these heavily affected provinces or 
whether there are frequent introductions is not clear. 
 
Figure 4.14:  The number of years that at least one outbreak of FMD has been reported in each province in Thailand (2000-2009) (OIE 
SEAFMD, 2009a). 
Interestingly, the distribution of serotypes A and O are quite similar in Figure 4.14, 
suggesting that the factors affecting persistence (or re-introduction) of virus in certain areas 
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may be similar for both serotypes. The Northern Thai provinces which border Myanmar 
show outbreaks most years, which may be due to large volumes of live animal imports and 
increased animal movement in these areas. 
The outbreaks recorded frequently in the Southern Provinces are likely to be related to 
livestock movement from the northern and central areas of Thailand. From records of 
livestock imported into Malaysia (Naheed, 2009a) and the numbers moving south through 
Petchaburi checkpoint (Chotyaputta, 2009), it is clear that large volumes of livestock are 
transiting through the MTM Zone of Thailand. Similarly to serotype O outbreaks, there is a 
positive linear correlation between the number of outbreaks of serotype A in the MTM 
Zone and in the non-MTM Zone of Thailand each year (r = 0.92, p < 0.01). With live 
animal movement known to be almost exclusively from north to south, it is likely that 
outbreaks in the south result from incursions at the northern border. The high similarity 
between viruses in the MTM and non-MTM areas of Thailand also suggests a common 
origin of virus isolated from these two areas (Hammond et al., 2009).  The extent to which 
FMD is maintained within the MTM Zone of Thailand is not clear and more viral 
sequencing work would help to determine this. 
4.4.4 Disease Occurrence 
There are currently no reliable measures of FMD occurrence available in data routinely 
collected in the MTM Zone. The prevalence of disease has largely been estimated based on 
outbreaks reported through the OIE SEACFMD monthly reporting system and through 
serological surveys. Some of the more useful data relating to measures of disease 
frequency come from published data on outbreak investigations (Cleland et al., 1995) and 
participatory epidemiological studies (Naing Oo, 2010). 
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Outbreaks reported through the Malaysia and Thailand components of the zone (OIE 
SEAFMD, 2009a) suggest that there is a high level of disease in these areas, with 
outbreaks occurring on a regular basis. In contrast, outbreaks are rarely reported from the 
Myanmar MTM Zone (OIE SEAFMD, 2009a). While the outbreak reports provide some 
indication of the level of disease occurrence, the extent to which this information can 
usefully be interpreted depends upon the effectiveness of the passive reporting system 
within the MTM Zone and the extent to which the reported outbreaks are investigated. The 
morbidity rates (attack rates) provided with the outbreak reports cannot be easily compared 
or interpreted due to uncertainty about the denominator. 
Serological surveys have been conducted in the MTM Zones of Thailand and Myanmar 
and the samples tested to detect Non-Structural Protein (NSP) antibodies. These NSP tests 
allow for differentiation between infected and vaccinated animals and are therefore useful 
in areas where vaccination is used or where the vaccination status of animals is unknown. 
The NSP test is useful for diagnosis when the serotype is not known, as NSPs are 
predominantly conserved between serotypes of FMD virus (Clavijo et al., 2004). However, 
when used as the sole test (without confirmatory testing and serotyping using Liquid-Phase 
(LP) Enzyme linked immuno-sorbent assay (ELISA)), the value of results for 
epidemiological analysis is limited by not differentiating between serotypes. When using 
NSP antibodies as an indicator of infection there can also be some limitations. Antibodies 
can be detected for long periods after infection: Silberstein et al., (1997) described 
detection of NSP antibodies in experimentally infected animals up to 560 days post-
infection while other authors have described detectable levels of NSP antibody for at least 
365 days (De Diego et al., 1997), which means that a seropositive animal may have been 
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exposed to virus a long time prior to sampling. Also, repeated vaccination with less 
purified vaccines can result in detectable levels of NSP antibodies, in the absence of 
infection (Fan et al., 2006). 
In Thailand, serological surveys have included only cattle and buffalo, with no samples 
taken from small ruminants or pigs. A survey conducted in 2006 showed an animal level 
prevalence (in which seven cattle were sampled from each of 67 farms in Regions Eight 
and Nine) of 4.91% (95% CI: 2.02-7.81) and 9.03% (95% CI: 5.21-12.85) for Regions 
Eight and Nine, respectively. Village level prevalence in 2006 was 19.4% for Region Eight 
and 34% for Region Nine. In 2007, using the same survey design, the animal level 
seroprevalence was 19.4% (95% CI: 13.9-24.9) and 28.4% (95% CI: 21.7-35.0) for 
Regions Eight and Nine (Jongrakwattana, 2008), respectively. In 2007, the village level 
prevalence was 79.1% in Region Eight and 74.6% in Region Nine. The survey in 2006 was 
conducted only three months after the initial vaccination campaign began and therefore any 
animals exposed to virus before the vaccination campaign may have still been positive for 
NSP antibodies. In 2007, however (more than one year after the start of the vaccination 
campaign), the number of animals positive for NSP would be expected to be less, had the 
vaccination campaign been a success. The increased level of NSP antibody in 2007 
therefore suggests either increased viral circulation within the MTM Zone (supported by 
increased reports of clinical outbreaks in 2007), influx of previously exposed animals from 
outside the Zone, or anti-NSP antibodies induced by repeated vaccination (depending on 
the purity of the local vaccine used in Thailand). 
Studies conducted by Cleland, et al. (1995) in which 11 outbreaks of FMD in Northern 
Thailand were investigated, provides some useful information on FMD incidence. They 
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described that Attack rates in cattle and buffalo ranged from 0.28% to 50.9%. However, no 
pigs were observed as clinically affected and there was no mention of sheep and goats in 
the study. The study concluded that the main reason animals did not become (clinical) 
cases during outbreaks was lack of exposure to virus rather than possession of pre-existing 
immunity. This information from outbreak investigations provides a good measure of 
morbidity (within the epidemiological unit - a village) and also described estimates of 
disease incidence, a measure not available from other sources of information. 
Results of serological surveillance conducted in Myanmar MTM Zone in 2005 and 2008 
showed an apparent seroprevalence of 0.64% (95% CI: 0.26, 1.31) and 11.67% (95% CI: 
6.53, 18.8), respectively (Naing Oo, 2010). From these results, it might be assumed that 
some livestock in the MTM Zone have been exposed to FMD, despite the lack of reported 
clinical outbreaks in this area. Given the highly susceptible population in the MTM Zone 
of Myanmar and the lack of vaccination in this area, it is unlikely that virus would be 
circulating sub-clinically in cattle and buffalo, or that farmers would not recognise clinical 
infection in their cattle. Participatory research conducted by Naing Oo (2010) indicated 
that no outbreaks of FMD had been seen by farmers in the control zone since 1999. Farmer 
observation was considered a sensitive method for detecting disease given that they live 
and work closely with their cattle on a daily basis and are therefore unlikely to miss the 
characteristic signs of FMD (Naing Oo, 2010).  
Taking the positive NSP results in the context of the situation in the Myanmar MTM Zone, 
the author considers it possible that the animals have been previously exposed to FMD 
outside the MTM Zone and then entered the MTM Zone after recovery but while NSP 
antibodies were still detectable. While not proving presence or otherwise of viral 
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circulation in the MTM area, the results of this surveillance does indicate likely 
introduction of previously exposed livestock into the MTM Zone of Myanmar and 
therefore possible failures in the border control between the infected Zone and Control 
Zone of Myanmar or between neighbouring countries and the Control Zone of Myanmar. 
However, more epidemiological information on the positive animals is needed to draw any 
firm conclusions.  
Results of serological surveillance studies in Malaysia are not available. However, 
prevalence of NSP positive animals in consignments imported from Thailand and Central 
Myanmar into Malaysia are high. In consignments imported from Thailand, 29.8% of 
cattle entering through two quarantine stations (Naheed, 2009b) and 39.4% of goats 
destined for export from Central Myanmar (Maung Latt, 2009b) tested positive for NSP 
antibodies in the absence of detectable clinical signs. These results indicate a high level of 
exposure to virus in the source country (or transit areas). However, it does not give an 
indication of whether the livestock remain infectious at the time of import (given the 
persistence of NSP antibodies for considerable periods after infection (Silberstein et al., 
1997; De Diego et al., 1997)). Under current import protocols, Malaysia does not reject 
NSP positive animals, but relies on clinical observation and vaccination to reduce the risk 
of importing infectious livestock. Given the high volume of livestock imported to Malaysia 
and the high seroprevalence in those animals (Maung Latt, 2009b; Naheed, 2009b), any 
survey conducted in Malaysia (based on detection of NSP antibodies) is unlikely to 
provide a good indication of the level of viral circulation within Malaysia but would rather 
be a reflection of the level of disease in areas from which livestock are sourced.  
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4.4.5 The role of FMD host species 
The major domestic host species for FMD in the MTM Zones are cattle and buffalo, small 
ruminants and pigs. However, much of the information available on FMD occurrence in 
the MTM Zones concerns only cattle and buffalo. According to reports submitted through 
the OIE SEAFMD monthly reporting system for 2008-2009, cattle and buffalo are reported 
to be affected in 93% of outbreaks, while small ruminants and pigs are reported as affected 
in only 3% and 4%, respectively (OIE SEAFMD, 2009a). While different serotypes of 
FMD virus may have some species specificity, the difference seen in the level of reporting 
of outbreaks between the different species may be the result of a number of other factors. 
When using the results of outbreak reporting systems to determine involvement of 
different species, bias is likely to be introduced given that species vary in: clinical 
appearance (some species show mild, or no signs, while others can show severe signs of 
disease), value (and therefore priority for the farmer), and husbandry system or use (and 
therefore level of observation, impact of disease, size of herd, etc.). All of these factors can 
potentially affect the level of disease recognition, reporting and/or response to a suspected 
disease outbreak and will thus introduce bias to data relating to involvement of different 
species in FMD outbreaks. 
4.4.5.1 Cattle and Buffalo 
Cattle and buffalo are the species most commonly reported to be affected by FMD in the 
MTM Zone (OIE SEAFMD, 2009a), even when adjusted for population size differences. 
The reason for the higher number of outbreaks reported in cattle and buffalo may be due to 
actual differences in prevalence of infection between these and other susceptible species, 
or it may be due to differences in level of reporting, or a combination of both.   
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Cattle are highly susceptible to the serotypes and strains of FMD virus currently present in 
the MTM Zone and are often subjected to known risk factors for FMD: common grazing 
areas, shared watering areas or at livestock markets (Cleland, et al., 1995; Cleland, et al., 
1996; Naing Oo, 2010). There is also a greater volume of trade in large ruminants than in 
any other species in the MTM Zone (indicated by the volume of live animals entering the 
MTM Zone of Thailand and imported into Malaysia (Chotyaputta, 2009)), thus increasing 
the opportunity for contact between susceptible and infected cattle along trading routes or 
in livestock market areas. These factors could contribute to a greater prevalence of 
infection in cattle than in other species. Other factors may introduce bias by increasing the 
chance that cattle will be reported as affected, compared to other species. 
In a naïve population, cattle infected with FMD will generally show clear clinical signs 
which are easily recognisable as FMD (Kitching, 2002). Cattle and buffalo are also kept in 
smaller numbers than other species and farmers often work closely with them (particularly 
where they are used for draught power) thus increasing the chance that a farmer will 
recognise (and report) infected cattle. Cattle and buffalo are also a high value asset to many 
farmers and therefore farmers are more likely to seek assistance when cattle become sick 
than perhaps they might with small ruminants or pigs. 
4.4.5.2 Small Ruminants 
The often mild or inapparent clinical signs of FMD in small ruminants (Kitching and 
Hughes, 2002) mean that farmers may not recognise that their animals are infected with 
FMD. Even if clinical signs are present they may be mistaken for another disease or not 
considered severe enough to report. Foot and Mouth Disease outbreaks in other parts of the 
world, most notably in the United Kingom (UK) in 2001, demonstrate the important role of 
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small ruminants in the spread of FMD, due largely to the absence of obvious clinical signs 
(Gibbens et al., 2001). There are also numerous examples in which movement of live small 
ruminants has been responsible for the introduction of FMD into previously disease free 
countries (Kitching and Hughes, 2002).   
Despite these examples, the role of sheep and goats in the epidemiology of FMD has been 
somewhat neglected in the past. As a result, these species are often excluded from 
vaccination programs intended to control or eradicate FMD (Barnett and Cox, 1999) and 
from active surveillance studies (personal communication, Banjong Jongrakwattana, 
2009). Although information on small ruminants is limited, evidence from the MTM 
member countries suggests that these species may play an important role in the 
epidemiology of FMD in the MTM Zone.  
A serological survey conducted in Central Myanmar by Naing Oo (2010) demonstrated a 
herd level (serological) prevalence of over 90% in goats in the Sagaing Division (Central 
Myanmar). These results were further supported by results of serological testing of goats 
sourced from Magway and Yangon Divisions in Myanmar for export to Malaysia in which  
2,029 (39.5%) of 5,152 goats tested positive for NSP antibodies (Maung Latt, 2009b). 
During a participatory epidemiological study in Central Myanmar, farmers reported 
clinical signs in cattle but none in small ruminants or pigs (Naing Oo, 2010). The high 
level of seroconversion would suggest that small ruminants, while rarely reported to be 
involved in outbreaks, are in fact being exposed to, and infected by, FMD Virus. 
Therefore, they are likely to play some role in the maintenance and spread of disease in 
this area. Further work is needed to elucidate this role in the MTM Zone and with the 
strains of virus and husbandry systems relevant to this region. 
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4.4.5.3 Pigs 
The low number of reports of pigs with FMD in the MTM Zones may involve quite 
different factors to those influencing the level of reporting in small ruminants. In contrast 
to small ruminants, infection in unvaccinated pigs will usually cause obvious clinical signs 
(Kitching and Alexandersen, 2002), making failure to detect infected animals less likely. 
Pigs have also never been shown to become carriers of FMD after infection (Kitching and 
Alexandersen, 2002) and so are unlikely to pose a threat of viral spread beyond the acute 
stages of infection. Studies conducted by Chamnanpood et al. (1995) suggest that pigs play 
a minor role in outbreaks of FMD in Northern Thailand. This study focused on the 
smallholder, or village pig system in which pigs are mainly tethered or housed individually 
and thus have limited access to other animals. The study demonstrated that pigs were 
rarely involved (clinically identified) in outbreaks and that there was low seroconversion in 
pigs from areas where outbreaks had occurred in cattle. Chamnanpood et al. (1995) 
concluded that the lack of involvement of pigs in these outbreaks was due to lack of 
exposure rather than resistance to the circulating viral strains. 
The epidemiological role of pigs in the MTM Zone is likely to depend largely upon the 
husbandry systems in place, including access of pigs to potentially contaminated livestock 
products. In southern Thailand, pigs might be expected to be kept in similar systems to 
those in the north (as described by Chamnanpood et al. (1995)) and therefore have a less 
significant role in the epidemiology of FMD. The pig husbandry system in Myanmar 
MTM Zone is also based on smallholder systems with pigs individually tethered at the 
household and therefore with less access to other susceptible species (see Figure 4.15). 
Chamnanpood et al. (1995) described that commercial, intensive pig farms in Thailand 
 98 
 
have greater problems with FMD due to densely populated areas and rapid turnover of 
stock. This suggests that with greater intensification, there may be greater involvement of 
pigs in the epidemiology of FMD. However, if intensification of the pig industry leads to 
increased biosecurity, the risk of FMD outbreaks in pigs may be reduced.  Malaysia has 
more intensive pig raising systems, although small farms do still exist. 
 
Figure 4.15: A village pig in Myanmar MTM Zone individually tethered within the confines of a household. 
An important feature of pigs, as compared to ruminants, is their increased susceptibility to 
infection by the oral route (Kitching and Alexandersen, 2002). Pigs are more susceptible to 
infection by consuming animal products contaminated with FMD virus than are other 
species. Pigs infected through consumption of contaminated animal product have been 
shown to be important in the introduction of FMD (and other viruses) into previously free 
countries (Kitching and Alexandersen, 2002). This was considered the most likely route by 
which FMD was introduced into the UK in 2001 (Scudamore, 2002). The role of pigs as 
index cases in outbreaks of exotic strains could be significant in Malaysia where large 
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volumes of livestock products are imported for human consumption, many of which come 
from countries which have FMD viral strains exotic to South-East Asia. On a number of 
occasions, introduction of exotic strains to South-East Asia have occurred into Malaysia 
(Samuel and Knowles, 2001), originating in countries from which livestock products are 
sourced. Whether pigs were the point of introduction is not clear, given that there is limited 
information on these outbreaks. 
Pigs also differ from ruminants in their epidemiological role in that, once infected with 
FMDV, pigs produce more aerosol virus that do ruminants (Kitching and Alexandersen, 
2002) and are thus considered an amplifier host for FMDV. This was a significant feature 
in the spread of FMD in the UK in 2001 where infected pig herds generated sufficient 
amounts of virus to create viral plumes leading to airborne spread of FMDV over some 
distance (Scudamore, 2002). However, this route of spread is likely to be of lesser 
significance in the MTM Zone where high ambient temperatures and intense sunlight 
limits survival of the virus (Chamnanpood et al., 1995) 
In summary, the role of different species is not well understood in the MTM Zone. 
However, movement of live animals is thought to be the most important factor in the 
spread of FMD in South-East Asia (Gleeson, 2002) and most livestock trade involves 
cattle and buffalo. Therefore, as indicated by the high proportion of outbreak reports in this 
species, cattle and buffalo are probably the most important species in the long distance 
spread of FMD. However, the clear clinical signs seen in cattle, and their role in long 
distance spread should not prevent further investigation into the role of other species. The 
high level of seroconversion in sheep and goats in Central Myanmar indicates that these 
animals are being exposed to virus and are often kept in close proximity to cattle and 
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buffalo. Therefore, the role they play in the maintenance and spread of the disease – and 
the potential impact of including them in vaccination programs – should be considered. 
There has been minimal research also into the role of pigs in the MTM Zone, but studies in 
the northern areas of Thailand (Chamnanpood et al., 1995) indicate that this species may 
play a minor role. Taking into account the current husbandry system and the serotypes 
present in the MTM Zones, pigs may not be important in the maintenance and spread of 
endemic strains. However, their vulnerability to infection by the oral route and the large 
volumes of livestock products imported into the MTM Zone from FMD infected countries 
make them important in risk of exotic serotype incursions. The potential for swill feeding 
in backyard systems also increases the potential role of pigs in the epidemiology of FMD. 
Improved investigation of outbreaks (including sample collection) to include all 
susceptible domestic species in an outbreak area would help to elucidate the role of the 
different species in the epidemiology of FMD.   
4.4.6 Vaccination 
The SDRs for the MTM Campaign (Turton, 2004) contain guidelines for vaccination in the 
MTM Zone. While each country within the zone uses a different vaccination strategy, all 
aim to comply with the guidelines set out in the SDRs. Both Thailand and Myanmar 
produce vaccine locally, the former of which is used in the MTM Zone. Myanmar MTM 
Zone is considered to be free from FMD virus, experiencing only rare, sporadic outbreaks. 
Therefore, according to the Livestock Breeding and Verterinary Department of Myanmar 
(LBVD), vaccination is not routinely permitted in this area (Maung Latt, 2007). Given that 
the vaccine produced in Myanmar has not undergone sufficient innocuity testing and does 
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not comply with the SDRs (Turton, 2004), vaccines sourced from Thailand would be used 
in an emergency, should FMD occur in the MTM Zone of Myanmar.   
Thailand has a policy of mass vaccination (in excess of 80% coverage) of all cloven 
hoofed animals. The government supplies vaccines for ruminants (cattle, buffalo, sheep 
and goats) free of charge, but pig farmers must purchase their own vaccine. A combination 
of commercial and locally produced (at Pak Chong laboratory, Thailand) vaccines are 
used, with the latter most commonly used in ruminants and the former in commercial pig 
farms. Although a monovalent vaccine for serotype A was used in the past, the mainstream 
vaccine now applied is trivalent containing A, O and Asia 1 serotypes (personal 
communication, Banjong Jongrakwattana, 2009). Vaccine matching is conducted by the 
RRL in Pak Chong to ensure there is good matching between the circulating field strains 
and the strains included in the Thai vaccine. While the policy for vaccination is more than 
80% coverage in all cloven hoofed animals, the actual coverage is likely to be less. An 
estimated 40-50% cattle and buffalo are vaccinated in Regions Eight and Nine (personal 
communication, Banjong Jongkrakwattana, Thailand, 2009) and likely, a smaller 
percentage of sheep and goats. There are no figures available for the level of vaccination 
cover in pigs as this species is not included in the national strategy, and farmers are 
individually responsible for vaccinating pigs 
The results of serological surveys conducted in 2006 and 2007 (Jongrakwattana, 2008) 
showed that protective levels of antibody were achieved in only a relatively small 
proportion of livestock sampled (animals were counted as „protected‟ if they had adequate 
level of antibody (using LP-ELISA against all 3 serotypes (A, O and Asia 1) and were NSP 
negative). The results are shown in Table 4.1. 
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Year Region Proportion of sampled cattle with protective 
antibody levels (95% CI) 
Comparison between 2006 and 
2007 Chi-square (P-value) 
2006 8 35.9% (28.6, 43.2)  
17.36 (p < 0.01) 2007 8 21.6% (15.8, 27.3) 
2006 9 31.5% (24.4, 38.6)  
11.70 (p < 0.01) 2007 9 14.7 (10.3, 19.1) 
Table 4.1: Results of the 2006 and 2007 serological survey in Regions Eight and Nine of Thailand (Jongrakwattana, 
2008).  
This level of herd immunity would be inadequate to prevent the spread of an epidemic in 
Regions Eight and Nine, given that at least 80% of the susceptible population should be 
protected to achieve herd immunity. It is not known what proportion of unprotected 
livestock are not vaccinated and what proportion are vaccinated but do not achieve 
protective levels of antibody, neither is it known whether the level of vaccination is 
uniform across the regions or if there is higher coverage in some herds than others. Traders 
operating in Thailand have also reported poor access to vaccines (personal observation, 
2009). According to Chotyaputta and Chaitaweesub, (2009) FMD vaccine will no longer 
be provided free of charge in 2010. Therefore, one might expect a further reduction in 
vaccine coverage and protective immunity throughout Thailand. It is not clear whether 
such a reduction occurred as official reports from Thailand only provide target figures of 
80% coverage of all cloven hoofed animals in Regions Eight and Nine (Chottyaputta, 
2011) and there is no indication of the actual level of vaccine coverage achieved. 
Malaysia uses only commercially produced vaccines. An emergency ring vaccination 
strategy is used in the event of an outbreak, and blanket vaccination in high risk areas, such 
as around imported animal holding areas and in border regions (Kamarudin, 2007; personal 
 103 
 
communication, Naheed Mohammed Bin Hussein, 2010). Malaysia aims to achieve 
protective levels of antibody in at least 80% of the ruminant population in these high risk 
areas (personal communication, Naheed Mohammed Bin Hussein, 2010). Animals 
imported into Malaysia from Thailand are also required to show a vaccination certificate 
(indicating vaccination in the quarantine station in Thailand) and will be vaccinated again 
on arrival in Malaysia. 
While the current vaccines used in Thailand appear to have good matching with the 
circulating field virus (Linchongsubongkoch, 2009), there appear to be deficiencies with 
vaccination coverage. There is not adequate coverage within the control and buffer zones 
of Thailand, as shown by the serological surveillance results and by continued outbreaks. 
There is less information available on the success of the vaccination campaign in Malaysia 
but continued outbreaks in areas where vaccination is applied would suggest that the cover 
is inadequate, or there are failures with the vaccine delivery. Constant introduction of naïve 
animals (particularly through unofficial importation) and rapid turnover of livestock in 
Malaysia may complicate the vaccination campaign here.  
Many factors can lead to vaccination failure, as outlined by Roeder and Taylor (2007): 
poor vaccine potency; failure to include appropriate serotypes and strains of virus in the 
vaccine; failure to maintain the cold chain required for FMD vaccine; poor vaccine 
procedure/practice; poor farmer awareness; lack of understanding between vaccinators and 
farmers (bad timing of campaign, etc); and compromised immune response to vaccines 
(caused by malnutrition, concurrent disease/parasitism, etc.). More information from the 
MTM member countries is required on the number of animals actually vaccinated and the 
response in those animals in order to identify where failures are occurring.    
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4.5 Summary of findings 
Within the MTM Zone, there are distinct areas between which the FMD status varies: the 
Malaysian and Thai components of the zone are endemic for serotypes O and A, with 
sporadic outbreaks of Asia 1, while the Myanmar zone is considered largely free of FMD 
but has suffered rare, sporadic outbreaks of O, A and Asia 1.   
There have been some significant changes in the FMD situation in the MTM Zone during 
the past ten years, with increasing number and geographical spread of outbreaks reported 
in Malaysia from 2003 until 2008. In Thailand, there was a marked reduction in reported 
outbreaks in 2006, followed by a rebound and increasing reports from 2007 until 2009. 
Introduction of new viral strains have caused outbreaks in the MTM Zone on several 
occasions, with a number of strains exotic to South-East Asia being reported first in the 
MTM member countries. 
Serotype O is the most common serotype isolated from the MTM Zone, followed by A and 
then Asia 1 (OIE SEAFMD, 2009a). Until relatively recently, only viruses belonging to the 
South-East Asia (SEA) topotype of serotype O were isolated from countries in South-East 
Asia (Samuel and Knowles, 2001). Other topotypes of serotype O have occurred in the 
MTM Zone, including Cathay (pig adapted) and Middle East-South Asia (ME-SA), Pan 
Asia sub-lineages (Abila, 2008). The Cathay topotype was introduced to Malaysia and 
Thailand but then appeared to be rapidly eliminated (or was no longer reported), while the 
Pan-Asia lineages appear to have persisted for longer (OIE/FAO FMD Reference 
Laboratories Network, 2005, 2006, 2007, 2008).     
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Serotype A is endemic in Thailand and appears to sporadically affect other countries in 
South-East Asia. Outbreaks of serotype A have occurred on an almost yearly basis in 
Malaysia since 2002 (Knowles, 2009; OIE SEAFMD, 2009a). Recent geographical spread 
of this virus into China (OIE, 2010c) and South Korea (OIE, 2010d) represents a new 
increase in its distribution.  Viruses from both of these outbreaks have been closely related 
to Thai strains.   
Temporal trends in FMD occurrence are seen within the MTM Zones. The major seasonal 
effect may be related to the Islamic festivals in Malaysia and in the southern most 
provinces of Thailand, where the population is predominantly Muslim. There is extensive 
movement of livestock in order to meet the increased demand for livestock and their 
products during this time, which is considered a possible reason for increased outbreaks of 
FMD.   
This retrospective analysis has highlighted some key points in the epidemiology of FMD in 
the MTM Zones and, perhaps more importantly, has identified deficiencies in the current 
surveillance system within the Zone. While the conclusions which can be drawn from the 
study are limited by a lack of data on FMD in the MTM Zones, some key points regarding 
the FMD status and epidemiology in the MTM Zones are notable. 
The MTM Zone is a challenging area for disease control given the high demand for 
livestock and livestock products at its southern most point in Malaysia. This demand drives 
the importation of livestock from neighbouring countries of Myanmar and Thailand as well 
as other sources. Live animal movement is recognised as the most important factor in the 
spread of FMD in South-East Asia (Gleeson, 2002) and so this influx of live animals 
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represents a potential risk to the MTM Zone. Sequencing results from endemic strains of 
serotypes O and A support existing evidence of viral spread through livestock movements 
into the MTM Zones. Given the apparent importance of this mode of transmission, and the 
source of livestock outside the MTM Zone, further investigation of the livestock 
movement pathways should be conducted. 
Sequencing results also indicate that known livestock movement pathways are not the only 
mode of viral spread, with some exotic strains appearing first in Malaysia, possibly from 
the Indian sub-continent, between which there are no recognised live animal movements. 
Several major incursions of exotic strains into Malaysia have occurred from areas outside 
South-East Asia, highlighting the vulnerability of this country (and the MTM Zone) to 
incursions of new strains. It is considered likely that viruses were introduced in 
contaminated product or possibly fomites such as imported animal feed. Stringent 
surveillance for new viral strains should therefore be ongoing in Malaysia. 
Existing data would suggest that cattle and buffalo are the most important species in the 
transmission of FMD in the MTM Zones and pigs are likely to play a minor role. The role 
of small ruminants is less well defined. Despite relative neglect of this species from 
serological surveys and disease control strategies in the past, some initial results from 
Myanmar and experience in other regions of the world suggest that these species may play 
an important role in the spread and/or the maintenance of FMD. Further investigation of 
the role of small ruminants in the MTM Zone is required. 
Blanket vaccination has been implemented in the MTM Zones of Thailand since 2006 but 
continued outbreaks of disease in this area suggest that the vaccination campaign has not 
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been successful. The reason for the failure in the vaccination campaign is not clear, and 
investigation into the reason for failure is warranted. Vaccination campaigns involve a 
significant investment by the Veterinary Authorities and failure to achieve the desired 
results means that the investment is not justified and loss of farmer confidence could limit 
the success of future campaigns.  
Despite efforts to control FMD in the MTM Zone, and the considerable investment in 
surveillance and control measures, the disease continues to cause outbreaks each year. In 
countries where resources are limited and therefore optimum benefit must be achieved 
from every investment, targeted, epidemiologically based approaches to surveillance and 
disease control are necessary. Failure of the current surveillance system to generate 
sufficient data on: disease detection; prevalence of FMD virus; disease morbidity; sources 
of virus; mechanisms of viral spread; the role of different species; impact of control 
measures; and other important epidemiological details, severely impacts on the countries‟ 
ability to control and eradicate the disease.   
The following discussion includes a critical analysis of the data routinely collected, or 
generated from active surveillance programs, which were used to inform this retrospective 
analysis. Recommendations for how the MTM member countries might improve on the 
current system are also included. 
4.6 Discussion and critical analysis of data 
During the process of evaluating data to conduct a retrospective analysis of FMD, the 
author found that the data available was often incomplete and was potentially biased. This 
view has been supported by Abdul-Hamid et al., (2011) who noted a lack of 
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epidemiological information for FMD in Malaysia and limited numbers of samples 
available for sequencing.  
This discussion will highlight the deficiencies in the current data available on FMD in the 
MTM Zone and make recommendations on how the data might be improved. According to 
Black (2003), the FMD surveillance program in the MTM Zone is required to detect 
disease or infection for the purpose of controlling disease and to demonstrate that control 
activities have been effective in reducing disease prevalence to acceptable levels. In the 
author‟s opinion, the data produced from the current system are either unable, or have 
limited capacity, to: detect disease; identify disease risk factors; determine morbidity rates; 
identify disease foci (where virus is maintained); identify the role of different species 
(particularly small ruminants); demonstrate temporal and spatial disease patterns; and 
evaluate impact of disease control measures.   
Each of the main data sources used for this study will be discussed, highlighting the 
potential benefits of the information, gaps in the data, and suggested improvements. 
Recommendations will be provided to the MTM Tri-State Commission on how to improve 
the current surveillance activities, taking into account the relative costs of different 
approaches. 
This critical analysis only includes data which were made available for this research study, 
and may therefore fail to address some data which are collected at the National level but 
not released by the Veterinary Authorities. 
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4.6.1 Monthly reporting of outbreaks (OIE SEACFMD) 
The OIE SEACFMD disease reporting system is a potentially valuable source of 
information on disease outbreaks throughout South-East Asia which should allow early 
recognition of disease and analysis of temporal and spatial trends in outbreaks. If working 
effectively, this regional system can act as an early warning system showing spread of viral 
strains in the region and allowing countries at risk to implement preventive measures. As 
the system uses information which should be routinely collected by each country, useful 
data can also be accessed at relatively low cost.   
The value of the data generated through this system depends upon the extent to which 
outbreaks are detected, reported and investigated.  
 The extent to which the reporting system, and the data it generates, is useful depends upon 
the level of confidence that the reports are a true representation of the field situation. The 
level of under-reporting in each of the MTM countries is not known, but is likely to be 
significant in some, if not all, of the Zone. Naing Oo, (2010) noted that only 20% of 
farmers in the Sagaing Division of Myanmar reported FMD (or suspected FMD) when it 
affected their livestock. This would suggest that a high proportion of outbreaks will not be 
reported even at the farmer level, with the proportion reaching the regional reporting 
system likely to be even less. In Thailand and Malaysia, there are no such data available 
but the author is aware of outbreaks reported to local veterinary offices in provinces of 
Thailand for which no outbreaks have been reported on the OIE SEAFMD reporting 
system from 2000-2009. In a survey of Malaysian traders (conducted as part of a study 
described in chapter five) it was found that 41% of traders who have experienced FMD in 
their animals would either report to, or seek treatment from, a DVS officer. While this data 
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is not representative of all farmers, and contains considerable bias, it provides an indication 
that some level of under-reporting also exists in Thailand and Malaysia.  
In conclusion, a functioning disease reporting system is vital to the success of outbreak 
preparedness and response, as failure to report suspected outbreaks will prevent further 
action being taken. Therefore, improvement of this component is considered a priority in 
the MTM Zone. 
Recommendations 
 An assessment of the reporting pathways in the MTM Zone should be conducted to 
identify where failures occur. This could involve participatory disease searching 
within randomly selected provinces, districts and villages to assess the actual 
number of outbreaks recognised at the farmer/livestock owner level, and then 
collect outbreak records from different levels of the veterinary services for the same 
time period. This should include all levels through which reports should pass up to 
the OIE SEACFMD reporting system. The data sets can then be compared to assess 
where failures to convey information have occurred. This will allow the Veterinary 
Authority to then target these key areas in order to improve the overall reporting 
system. 
 Increased private sector and industry involvement in the MTM Campaign and the 
National FMD control programs is essential. Use of participatory approaches will 
help to involve the stakeholders in decision making and prioritising disease control. 
The actual approach will vary for each country but they should all aim to improve 
communication between the farmers and the government vets in order to improve 
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reporting. While farmer awareness of disease is important, awareness without 
farmer support for a program will not improve disease reporting. 
 Response to an outbreak report. Every outbreak report should trigger a response by 
the Veterinary Authority. This should include increased investigation of outbreaks 
and implementation of feasible and effective control measures. 
4.6.2 Viral Sequencing (RRL and WRL) 
The amount of useful information obtained from a relatively small number of sequenced 
samples from the MTM member countries demonstrates the power of this tool in 
epidemiology. However, the samples which are submitted for sequencing are unlikely to 
be representative of the whole situation due to selection bias. Selection of samples for 
advanced testing such as sequencing is often done in response to an epidemiological 
change or unusual event, referred to by Knowles (2005) as „reactive sampling‟. While this 
introduces bias, „reactive sampling‟ may be useful as an early warning system for 
introduction of exotic strains or serotypes of virus which may behave differently to 
endemic strains. 
Sequencing results can provide useful information on the source of different viral strains 
and identify introductions of new strains (even when they belong to the same serotype as 
endemic strains). For example, without the use of sequencing, incursions of exotic 
topotypes of serotype O into Malaysia would not have been differentiated from endemic 
topotypes. Sequencing results also provide information on routes of viral movement, 
indicating potential modes of viral spread. For example, the sequencing of serotype O 
(My98) and serotype A (Asia) indicate that virus moves between central Myanmar, 
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northern and central Thailand and the MTM zones of Thailand and Malaysia. This is 
thought to be related to movement of live animals given the active trade in this area. 
The information provided by sequencing, while biased in the selection of samples, does 
provide real information which can be used to better understand FMD in the MTM 
member countries. However, the number of samples submitted for sequencing from the 
MTM member countries is very low, thus limiting the value of this method (Figure 4.16). 
Sequencing can be conducted at both WRL and RRL and mechanisms are in place to assist 
member countries in submitting samples at low cost for sequencing. 
 
Figure 4.16:  The number of positive samples received by WRL from MTM member countries from 2000-2008 (Hammond et al., 2009). 
The RRL is a valuable resource in the region but there is still relatively little use of it 
(particularly for viral sequencing) by countries other than Thailand. Only a small number 
of samples are submitted, and the value of those samples is limited by sample quality. Of 
all tissue samples submitted by SEAFMD member countries in 2008: 60% were classed as 
„fair‟, 32% as „poor‟ and only 8% as „good‟ (Linchongsubongkoch, 2009). The number 
and quality of samples sent for sequencing must be improved in order to optimise the use 
of the RRL and WRL facilities. 
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Routine sampling of outbreaks and submission of these samples for sequencing should be 
increased. The number of samples sent for sequencing would depend on the resources 
available, but greater investment in this area is likely to yield valuable results in terms of 
our understanding of FMD epidemiology. It would provide more answers as to the source 
of unusual viral introductions or events, but would also provide a greater understanding of 
the behaviour and spread of endemic strains.  Identifying how these strains are spread and 
where and how they are maintained would be valuable to identifying priority areas for 
targeting control measures. 
Recommendations 
 Increase the number of samples submitted for sequencing from the MTM member 
countries, by: 
o Improved reporting and investigation of outbreaks with sample collection 
and accompanying epidemiological information. 
o Identify movement pathways of livestock from source to destination in the 
MTM Zones. Sequencing indicates extensive movement of virus between 
Central Myanmar, Thailand and Malaysia, but more information is needed 
on the actual routes of spread between these areas. 
4.6.3 Serological surveys 
This section refers to serological surveys designed with the objective of determining FMD 
prevalence or to detect the presence of FMD in a given zone, it does not include discussion 
on sample collection as part of outbreak investigations, which will be covered in Section 
4.7.5. 
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Serological surveys conducted in the MTM Zones are based largely on detection of NSP 
antibodies. While some samples are also tested using LP-ELISA, which is serotype 
specific, the NSP antibody levels are generally used as an indicator of viral circulation 
where vaccine is used or where vaccination status is unknown. However, the use of 
antibody tests as an estimate of disease prevalence, or to detect viral circulation has 
limitations in the context of the MTM Zone. Because NSP antibodies may be detectable 
for an extended period of time after infection (De Diego et al., 1997; Silberstein et al., 
1997) the presence of detectable antibody indicates that an animal or its dam has been 
previously exposed to the antigen (Thrusfield, 2007) and not necessarily that the animal is 
infected at the time of the survey. The prevalence of detectable antibody (seroprevalence) 
thus depends on the rate of infection (incidence) and the rate of antibody loss (Thrusfield, 
2007). 
Interpretation of seroprevalence results are further complicated when livestock populations 
are subject to frequent introductions of animals from other areas. These introductions may 
include seropositive animals which have been exposed, not in the area of interest, but in 
the source or transit areas and which may or may not be infectious at the time of 
introduction. The high volume of livestock trade into and through the MTM Zones of 
Malaysia and Thailand, respectively could therefore influence the seroprevalence within 
the zone to such a point that the resulting seroprevalence is more of an indication of viral 
activity in areas outside the zone, from which livestock are sourced, than of the MTM 
Zone itself. 
Serological surveys used to detect viral circulation or as an estimate of disease prevalence 
may be of limited value in Malaysia and Thailand MTM Zones, at the current stage of the 
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campaign. The high cost of conducting such surveillance programs may not be justified for 
the minimal information they provide in addition to data routinely collected. On-going 
outbreaks of FMD in the MTM Zones of Thailand and Malaysia (as shown by monthly 
disease reports) provide evidence that disease is present in these zones, thus precluding the 
need for serological surveys aimed at detecting disease. The high volume of livestock 
movement into, and transit through, the MTM Zone (including un-tested or known NSP-
positive animals) prevents NSP seroprevalence from being a good measure of disease 
prevalence in the MTM Zones of Malaysia and Thailand. 
Serological surveys in the MTM Zone of Malaysia and Thailand are expected to be of 
greater value later in the eradication campaign, when the number of FMD reports in the 
MTM Zones of Malaysia and Thailand reduce and/or the control of animal movement into 
the MTM Zones (including rejection of NSP positive animals) is improved. At such time, 
serological surveillance to detect viral circulation, or to identify existing „pockets‟ of 
infection, would be justified and would likely yield useful results. Any serological 
surveillance program must also include provision for follow up of positive results, 
including epidemiological investigation, which appears to be currently lacking in the 
serological surveys conducted in the MTM Zone of Thailand (no information is available 
from Malaysia). 
The situation in Myanmar MTM Zone is quite different to that of Malaysia and Thailand, 
given that clinical outbreaks occur relatively rarely in this area (Naing Oo, 2007). The 
geographical boundaries and demonstration of border controls (Naing Oo, 2007) have 
allowed part of the Myanmar MTM Zone to become the first eradication zone in South-
East Asia and a possible future candidate for FMD freedom. Given that this area appears to 
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be free of clinical disease (OIE SEAFMD, 2009a) and no vaccination is implemented, a 
serological survey aimed at detecting FMD virus (indirectly through antibody detection) is 
considered justified. Recent results presented by Naing Oo (2010) indicate that 
seropositive animals have been detected in this area, while participatory epidemiological 
studies in the same area failed to find evidence of clinical disease, despite the expected 
naïvety of the population. The seropositive animals may indicate either viral circulation in 
the MTM Zone of Myanmar or that livestock previously exposed to virus (outside the 
MTM Zone) have moved into the Zone. Both scenarios are significant in an area which is 
potentially free of FMD: the former would suggest undetected circulation of virus while 
the latter would suggest inadequate border controls.  While confirmatory serological tests 
(using LP ELISA) were conducted on these samples (Naing Oo, 2010), there was no 
evidence of epidemiological follow-up of the seropositive animals. Providing provisions 
for epidemiological follow-up of seropositive animals will be an essential consideration in 
future surveys in the Myanmar MTM Zone. 
Whether or not serological surveys are considered useful at this stage of the MTM 
Campaign is outlined above, but how the survey should be conducted is also important. 
The representativeness of the serological survey depends on statistically appropriate 
selection of samples and sample size. Guidelines for serological surveys in the MTM Zone 
were provided by Black (2003), which provides a guide for member countries. Naing Oo, 
(2010) described using targeted sampling in the MTM Zone of Myanmar while 
Jongrakwattana (2008) described the use of random sampling (using a multi-stage 
sampling method) in the MTM Zone of Thailand.  While the approach used in Myanmar 
does not give a representative sample of the whole population in the MTM Zone of 
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Myanmar, it potentially increases the likelihood of detecting disease, if it is present. This 
approach is justified in Myanmar where the objective of surveillance would be detection of 
disease (or demonstration of disease freedom) provided that the target areas are correctly 
identified. 
The objective of serological surveillance in the Thailand MTM Zone was to estimate the 
prevalence of disease. Therefore, a random sampling technique was appropriate for this 
purpose. The surveillance study in Thailand was designed in line with the surveillance 
strategy developed for the MTM Zone (Black, 2003) and therefore included adequate 
numbers of samples. 
Recommendations 
 Continue serological surveillance in the MTM Zone of Myanmar with the objective 
of detecting disease. Targeted sampling based on knowledge of risk factors, and 
targeting farms (or villages) with known risk factors may be justified in order to 
increase the likelihood of detecting disease (or NSP positive animals), if present. 
The investment in serological surveillance may only be justified if there is 
sufficient resources to allow follow-up of positive results in the form of 
confirmatory testing at the laboratory (to increase specificity) and epidemiological 
investigation of seropositive animals. If insufficient funding is available for 
serological surveys to be conducted to an appropriate standard with sufficient 
follow up then alternative methods of disease detection may be preferable. The 
Modified Traditional Dutaik (MTD) Meeting, developed as a participatory tool by 
Naing Oo (2010), has proved useful for participatory disease searching in the MTM 
Zone and could therefore be used in place of (or in addition to) serological 
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surveillance. This would be useful for detecting clinical disease but would not 
allow for detection of seropositive animals not displaying clinical signs.  
 Malaysia and Thailand MTM Zones should consider prioritising the use of 
resources towards other methods of data collection rather than serological surveys 
at this stage in the eradication campaign. As described above, serological 
surveillance provides little additional information in these zones and is relatively 
costly to perform. Development of participatory approaches to surveillance might 
provide a more effective and less costly approach to detecting disease and 
estimating disease prevalence within the MTM Zones (see Section 4.7.4). The need 
for serological surveillance would again be relevant towards the end of the 
eradication campaign when clinical outbreaks have ceased, or are much reduced. 
4.6.4 Participatory Epidemiology 
Participatory epidemiology (PE) is based on conventional epidemiological concepts but 
uses participatory methods (Jost et al., 2007). It involves community participation in data 
collection and disease control and provides stakeholders with an opportunity to be 
involved in planning surveillance or disease control programs. Participatory epidemiology 
has been used extensively in Africa and to an increasing extent throughout the world. 
While generating highly valuable data, PE is often a more cost effective method of 
collecting required information. It also helps to involve the stakeholders and livestock 
keepers in data collection and decision making which, in turn, improves communication 
and cooperation between the Veterinary Authority and the stakeholders.   
Amongst the MTM member countries, the PE approach applied to FMD surveillance has 
so far only been used in Myanmar (Naing Oo, 2010). In this case it has been shown to be a 
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useful tool in gathering information on FMD (including estimated morbidity rates, risk 
factors, economic information etc.) which might have been difficult and/or costly to collect 
by other means. Naing Oo (2010) validated the participatory approach by comparing 
results of the MTD with serological surveillance results and a questionnaire survey in a 
number of pilot areas. 
The extent to which participatory approaches might be successful in Thailand and 
Malaysia depend upon a number of factors including: cultural differences, appropriate 
application (including training in PE methods), and the reliance of the farmers on 
livestock. Thrusfield (2007) noted that the success of PE depends on indigenous 
knowledge which is good amongst pastoralists, but may be less developed in communities 
that are less dependent on livestock. Myanmar farmers are highly dependent on their 
livestock for draught power and have a close relationship with a small number of cattle. 
Therefore, PE methods might be expected to work well amongst these farmers. In Thailand 
and Malaysia, the reliance on livestock will vary between location and type of business, 
from the small village system which is reliant on cattle for draught power, to integrated 
cattle and palm plantations, where little attention is paid to the cattle. 
Studies in Myanmar demonstrate that this methodology can be used to good effect within 
the MTM Zones, and it is expected that if adapted to the cultural settings of Thailand and 
Malaysia and performed well by trained moderators, that the approach would have value 
here.  However, modification of traditional approaches to gathering information and pilot 
studies similar to that conducted by Naing Oo (2010) should be considered before 
implementing the approach on a wider scale. 
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If successful, this could also be used to highlight deficiencies in the disease reporting 
system by using participatory disease searching and comparing the results to reports found 
at the local vet office up to the OIE SEACFMD reporting database (described in Section 
4.7.1). Participatory epidemiology could thus be used, alone or in combination with other 
methods, to collect information on: disease prevalence (including temporal and spatial 
distribution); attack rates (morbidity) during outbreaks; risk factors for FMD; farmer 
knowledge of FMD; mechanisms of viral spread and local attitudes towards the disease 
and its control. As it is possible to collect information on disease frequency, participatory 
epidemiological approaches could also be used to monitor the impact of disease control 
measures. 
Recommendations 
 Continue to implement MTD approach in Myanmar for disease searching. This 
should include training of local officers in the participatory approach. This 
approach should also be applied to outbreak investigations. 
 Develop participatory approaches applicable in Malaysia and Thailand MTM 
Zones to be implemented as a key tool for gathering information from the field. 
These should be designed based on the principles of PE, through consultation with 
experts, and be applicable in the cultural setting of each country. Small pilot studies 
within the MTM Zone should be conducted to validate the approach in the target 
country, taking into account the different livestock industries operating within these 
areas. If successful, this approach could be used in place of serological surveys 
until no clinical outbreaks are detected within the zone (or within certain areas of 
the zone). 
 121 
 
4.6.5 Outbreak Investigation 
A major constraint to veterinary surveillance and disease control in developing countries is 
a lack of information on disease morbidity (Thrusfield, 2007). For the MTM member 
countries, morbidity is estimated for each outbreak reported to the OIE SEACFMD -
ARAHIS system by reporting the number of susceptible animals and the number of 
affected animals for each outbreak. However, minimal detail on the source of these figures 
(herd level, village level, district level, etc.) is provided, and it is not clear if all countries 
(or even areas within each country) are using the same system. This would be improved by 
ensuring that all countries are using the outbreak definition provided by SEACFMD and 
that outbreaks are investigated. 
The extent to which outbreaks are investigated appears to vary amongst the MTM member 
countries but it is likely that there is an inadequate level of outbreak investigation across 
the whole MTM Zone. While there is no evidence for the lack of outbreak investigation 
amongst MTM member countries, very limited information is available to demonstrate that 
outbreaks are investigated on a regular basis and therefore the author assumes that the level 
of investigation is generally low. Some case studies in which outbreaks have been 
investigated (Cleland et al., 1995; Naing Oo, 2012) have provided very useful information, 
but their number is very few. 
 Investigating an outbreak of FMD is dependent upon receiving a report of a suspected 
outbreak from the field. Therefore, the success of outbreak investigation is also dependent 
upon the effectiveness of the disease reporting system. When performed correctly, 
outbreak investigation provides valuable information on the epidemiology of the disease in 
question, possible sources of virus, species affected (and the various roles of those 
 122 
 
species), identification of risk factors, measures of disease morbidity and mortality, etc. 
The investigation of outbreaks also allows for collection of samples from different species 
and from both clinically affected and apparently healthy animals within an outbreak area. 
Tissue samples collected from clinically affected animals will provide samples for more 
advanced diagnostic techniques such as sequencing (Viral Protein (VP) 1 or whole 
genome). Investigation of outbreaks can also provide a measure of disease incidence, if 
conducted over several visits, or by asking farmers to estimate the number of new cases 
each week. This also allows the impact of any control measures implemented to be 
monitored. 
Cleland et al. (1995) investigated 11 outbreaks in Northern Thailand using clinical 
observation, collection of information on possible risk factors, and collection of serological 
samples. The amount of information generated from these outbreaks is extremely high and 
includes: information on the role of pigs in outbreaks in northern Thailand (Chamnanpood 
et al., 1995); risk factors for FMD occurrence; morbidity rates (or attack rates); and routes 
and mechanisms of transmission. This amount of information would not only help to 
control the outbreaks in question but would also help in preventing future outbreaks by 
increasing understanding of the epidemiology of FMD.     
Naing Oo (2010) described investigation of an outbreak in the buffer zone of Myanmar in 
2007. While some information on possible sources was found, the investigation was 
conducted retrospectively (several months after the outbreak) and therefore results were 
limited by recall bias, inability to sample virus, and difficulty in following up possible 
sources of virus given that the outbreak was effectively over. Given the delay in 
investigating outbreaks, no control measures could be implemented to limit viral spread. 
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The difficulties experienced during this investigation highlight the importance of timely 
disease reporting and response. 
No reports of outbreak investigations were available for Malaysia, although these may 
have been conducted but not published or released by the Veterinary Authorities. 
Recommendations 
 All MTM member countries should ensure that field veterinary staff are trained in 
outbreak investigation and management (based on the regional training module 
developed by OIE SEAFMD (2009b)) and that the training is refreshed on a regular 
basis. 
 Resources should be made available for the investigation and management of 
outbreaks. Where minimal resources are available, officers should respond to 
outbreaks to collect a nominal set of key information (including: number of 
susceptible animals, number of infected animals (for each species), possible 
sources of virus and routes of spread to allow tracing of source and spread to be 
conducted) and to implement basic control measures. 
Animal movement – and particularly trade driven movement – appears to be an important 
factor in the spread of FMD. In the next chapter trade movements of livestock relevant to 
the MTM Zone will be investigated. 
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5 Livestock Trade and Marketing Networks relevant to the MTM 
Zones 
5.1 Aim 
To identify the major trade pathways for livestock movement into the MTM Zones from 
their source to their destination, including identification of stakeholders and holding types 
within the pathways. 
5.2 Background 
Livestock trade and movement patterns in South-East Asia are dynamic and are largely 
driven by demand and price. Movement of susceptible livestock species is considered to be 
the single greatest risk for the transmission of important diseases, including FMD, in 
South-East Asia (Gleeson, 2002). The high demand that exists for cattle in Peninsular 
Malaysia drives movement of livestock in a southerly direction from infected areas to the 
north of the MTM Zone and then into the Zone itself. This demand and subsequent 
livestock movement creates an on-going risk for introduction of FMD into the MTM Zone. 
In order to address this risk, it is necessary to understand the livestock trade and marketing 
systems, and the stakeholders involved in those systems in Malaysia, Thailand and 
Myanmar. 
5.3 Materials and Methods 
In Figure 5.1 the study sites, including the CMP, Northern and Central Thailand, and 
Peninsular Malaysia, are displayed. The arrows represent the flow of livestock movement 
based on previous research conducted in this region (Banks, 2004; Abila and Cocks, 2008; 
Wongsathapornchai et al., 2008a).  
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Figure 5.1: Map showing the general direction of livestock movement (arrows) and the sites (red circles) selected for this 
study. 
There are two areas of Myanmar relevant to the MTM Zone: the Tanintharyi Division in 
southern Myanmar which comprises part of the MTM Zone; and the CMP, comprising 
Magway, Mandalay and Sagaing Divisions. The CMP was selected as the main study site 
in Myanmar for the following reasons: the CMP contains more than 50% of the total 
population of cattle and buffalo in Myanmar (Livestock Breeding and Veterinary 
Department, 2008); the CMP is believed to represent a major source of livestock destined 
for the MTM Zone; the Tanintharyi Division has a very small population of livestock with 
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minimal livestock movements (Naing Oo, 2007; Wongsathapornchai et al., 2008a); and 
extensive movement of livestock occurs from the CMP to other areas (Naing Oo, 2010).  
A number of methodologies were used to identify the major livestock movement pathways 
leading to the MTM Zone. These included: snowball sampling (to identify and select 
traders for interview); expert opinion; and participatory epidemiological approaches (semi-
structured interviews) to collect information from selected traders.  
5.3.1  Snowball Sampling 
Snowball sampling is a non-probability sampling method (Borgatti, 1997) used extensively 
in qualitative research and is often applied where standard statistical methods are not 
applicable given the nature of the target population (Salganik & Heckathorn, 2004) or the 
required data type. Goodman (1961) defined snowball sampling as follows:  
„A random sample of individuals is drawn from a given finite population. Each individual 
in the sample is asked to name k different individuals in the population, where k is a 
specified integer, for example, each individual may be asked to name his k best friends, or 
the k individuals with whom he most frequently associates. The individuals who were not in 
the random sample but were named by individuals form the first stage. Each of these are 
then asked to name k different individuals, and so on‟ 
Using a random sample as a starting point for snowball sampling, as described by 
Goodman (1961) would require that all individuals of the target population be identified (a 
sampling frame). However, snowball sampling can also be usefully applied where no such 
sampling frame is available. This is often the case in so-called „hidden populations‟ 
(Salganik & Heckathorn, 2004) where the target population may be small and/or difficult 
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to locate. Such difficulty may be caused by the sensitive nature of the behaviour of 
individuals in the population or because members of the target population are difficult to 
distinguish from members of the general population (Salganik and Heckathorn, 2004). 
There are numerous examples of the application of snowball sampling in studies involving 
hidden populations or sensitive issues, for example, studies related to: ethnic minority 
groups (Yu, 2009); sexually transmitted diseases (Fichtenberg et al., 2009); Human 
Immunodeficiency Virus (HIV) transmission and intra-venous drug use (Dumchev et al., 
2009); and other drug use/addiction (Eland-Goossensen et al., 1997; Hylke, et al., 2007). 
Snowball sampling allows the researcher to identify a small number of individuals that are 
known to belong to the target population and then expand the sample by asking those 
initial respondents to recruit further respondents from the same target population. 
No previous examples in which snowball sampling has been applied to elucidate trade 
pathways of livestock movement were found in the scientific literature. However, this 
sampling strategy was considered suitable for use here for a number of reasons, including: 
an incomplete sampling frame due to variable (but largely incomplete) registration of 
livestock traders; collection of sensitive information, potentially involving illegal trading 
activities; and a requirement for relational (or network) type data, for which snowball 
sampling is particularly useful. 
Given the lack of a sampling frame, a random sample could not be used to select the initial 
respondents or „seeds‟. Therefore, targeted sampling was used to select traders (or other 
stakeholders) which were known to belong to the target population. That is, they were 
known to lie within the pathway of large-volume trade of livestock into (or destined for) 
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the MTM Zone. These initial respondents were interviewed and asked to recruit their 
trading partners by providing the names and contact details of people from whom they 
bought animals, and those to whom they sold animals. A schematic representation of how 
snowball sampling was applied to this study is shown in Figure 5.2. 
Information collected from each interview was used to identify the trading network (or 
social network) of each respondent. This involved asking each respondent to detail from 
whom they purchased animals and to whom they sell animals. Building the network in this 
way, with each stakeholder described in terms of the linkages they have with other 
stakeholders (through animal movements), facilitated identification of the trading 
pathways of livestock.  
In Myanmar, snowball sampling was applied by asking market managers and traders 
operating in market x to describe which other markets were linked to market x through 
movement of animals. Time and availability of market owners or managers permitting, the 
markets listed were then visited and the process repeated. Where markets were not 
available or could not be visited, expert opinion was sought from traders and veterinary 
officers who used the market or whose office was in the vicinity of the market, 
respectively. 
In Thailand, the starting points of snowball sampling were the private quarantine stations 
(PQS) registered with the DLD to export to Malaysia or to the MTM Zone of Thailand. All 
of these registered PQS (n = 6) were included in the study given their low numbers. 
However, one of these was later removed from the study as it was found that it was no 
longer exporting livestock 
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Figure 5.2: Snowball sampling methodology applied to livestock movement in Malaysia, Thailand and Myanmar. 
A social network is a social structure made up of individuals called “nodes” which are tied 
(connected) by one or more specific types of interdependency (Wikipedia, 2010n). The 
data collected for this study was principally relational-type data, which are the contacts, 
ties and connections which relate one agent to another (Scott, 2006) and which can be used 
to build social networks. The “nodes” in this study were various stakeholders (traders, 
markets, farmers, etc.) while the connections between them represented movement of 
livestock. Therefore, the social networks (or trading networks as they are termed in this 
study) were built through snowball sampling and collection of relational data to define the 
pathway of livestock movements between various stakeholders. 
Social network analysis has been used extensively in studies of livestock trade and 
movement. However, many such studies have either had access to detailed (centrally 
collated) information on individual livestock movements (Green et al., 2006; Kiss et al., 
2006; Ortiz-Pelaez et al., 2006; Robinson and Christely, 2007) or researchers have actively 
collected information on livestock movements between farms (where studies were limited 
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to small geographical areas) (Sanson et al., 1993; Brennan et al., 2008). The lack of 
detailed movement data and the large target area required for this study precluded use of 
either such methods, but favoured the use of snowball sampling which is not reliant on 
detailed movement data or a pre-defined sampling frame. 
 As described earlier, the initial „seeds‟ for the snowball sampling process were selected by 
purposive sampling of traders known to belong to the target population of traders involved 
in the major pathways of livestock movement into the MTM Zone. These were identified 
through official records from the Veterinary Authorities of each of the MTM member 
countries as those traders known to trade in large volumes of livestock, or livestock 
markets/holdings known to lie within the major pathways of livestock movements. Initial 
respondents or „seeds‟ were selected in each country of the MTM Zone, from which 
livestock movements were traced „upstream‟ and „downstream‟ along the market chain 
from these points. Any information collected in one country about another country was 
used in triangulating the data. 
The starting points in Malaysia, Thailand and Central Myanmar were: livestock importers 
(n=5) , livestock exporters (n=5) and livestock markets (n=5), respectively. Thailand and 
Malaysia based traders were selected through targeted sampling, based on criteria of the 
volume of livestock traded and the location of the trading enterprise. This information was 
obtained through the veterinary authority for each country. The specific markets visited in 
Myanmar used convenience sampling depending on the timing of the field visit, the day of 
the markets operation and the distance of the market from the LBVD offices/main road. 
Each respondent was interviewed using a semi-structured interview process. 
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5.3.2 Expert Opinion 
While snowball sampling was the principle method used in identifying and selecting 
individuals from the target population, expert opinion was sought from other individuals 
with knowledge of livestock trade in the MTM member countries. Expert opinion was used 
to: select study sites; inform the snowball sampling technique; provide additional 
information that was not captured using the snowball sampling technique; and to validate 
the information collected. 
Expert opinion was gathered during meetings with national, provincial (state) or district 
Veterinary Authorities in each of the member countries and during meetings with livestock 
traders. It was considered important to include people with on-the-ground knowledge, such 
as traders, who have a commercial interest in knowing the current movement pathways of 
livestock. These traders and other „experts‟ were selected using non-random approaches: 
either targeted (selecting those who trade in large numbers) or convenience (known to the 
Veterinary Authority and/or availability and willingness to take part in the study). While 
these approaches to sample selection potentially introduce bias, the objective of the study 
was not to extrapolate information provided by respondents to a larger population but to 
identify key pathways in livestock movement. Therefore, such methods were believed to 
be appropriate, providing the limitations of such sampling are recognised (see discussion). 
The actual experts used were as follows: 
 Veterinary staff in Myanmar (n=8) 
 Veterinary staff in Thailand (n=7) 
 Veterinary staff in Malaysia (n=5) 
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 Livestock traders and livestock keepers (n= 70 (approximate)) 
5.3.3 Interview technique 
The semi-structured interview is a tool used in Participatory Rural Appraisal (Mariner and 
Paskin, 2000) and utilises a checklist, rather than a structured questionnaire, to guide the 
interview. Semi-structured interviews are flexible, with many of the questions being 
developed during the interview, thus allowing the interviewee to expand on areas of 
interest and the interviewer to probe for specific information (D‟Arcy et al., 1990). The 
semi-structured interview was used here as it was deemed necessary to encourage more 
expansive answers on trading partners and trading behaviour in order to capture as much 
information as possible on the trading networks. It also provided an opportunity for the 
respondent to ask questions or query the reason for asking certain questions when this was 
not clear. Collection of sensitive information (occurrence of unofficial trading, 
price/financial information) was more suited to a discussion type approach, rather than a 
questionnaire approach, as a greater rapport could be established between interviewer and 
respondent during the course of the interview. 
The semi-structured interview was based on a checklist which contained questions under 
the following headings: 
 Trader profile. This included historical details of the trading business such as how 
long it had been established, the holding capacity of the establishment, whether 
they are involved in domestic trade or cross-border trade in animals and how the 
business has evolved over time. 
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 Procurement system. This is one of the key components of the interview in which 
the trader was asked how and from whom animals are procured including details 
such as the number of animals, whether the original source of the animals is 
known, what is known of the market chain of livestock „upstream‟ of this trading 
establishment and payment details. 
 Distribution system. This, again is a key part of the interview and follows the same 
structure and content of the procurement system but concerns the movement of 
animals „downstream‟ of the trading establishment where the interview is 
conducted. 
 Other traders known to this trader but not connected directly (i.e. those not included 
in answers to procurement or distribution systems). 
 Farm operations and animal health. This section concerns practices conducted on 
the farm or establishment such as: biosecurity practices, vaccination, historical 
experience of disease outbreaks, etc. 
 Pricing. This concerns how prices change on a seasonal or geographical basis, how 
prices are set by the trader and how traders monitor price of livestock. 
Although in Malaysia, a more structured approach to the interview was required, the 
questions within the questionnaire designed for the Malaysian component of the study was 
based on the same questions as those included in the semi-structured interview used in 
Myanmar and Thailand. Therefore, the information gathered from the three countries was 
as consistent as possible given the need to make some adjustments to the way the questions 
were asked.  The interviews were conducted on an individual basis and facilitators were 
used when conducting the interviews and questionnaires. These included the researcher 
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together with veterinary officers from the veterinary authority of each of the member 
countries. 
Some visualisation techniques were used to support the semi-structured interview where 
questions were more easily answered through illustrations. Traders would often respond 
better to showing their suppliers on a map rather than listing them, for example. The map 
and probing could also be used as prompts to aid recall in answering the questions. Using 
flowcharts to illustrate their suppliers and buyers were also used to help prompt recall of 
trade partners. 
All interviews were conducted at the property or work place of the trader, or at another 
area mutually agreed by the trader and the research team (e.g. tea-room, livestock market, 
veterinary office). All interviews were conducted by the researcher with the assistance of a 
government Veterinary Officer to allow the interview to be conducted in the local 
language. 
A more structured questionnaire approach was used only in Malaysia where advice from 
the Department of Veterinary Services (DVS) officers suggested that the traders would not 
be willing to share their information in a focus group discussion. The questions included in 
the questionnaire were based on the semi-structured interview checklist and facilitators 
who were thoroughly briefed on the objectives of the study and the purpose and meaning 
of each question provided assistance to the traders. This also allowed for anonymity in 
answering the questions, which was considered necessary by the authorities in Malaysia. 
This prevented the use of snowball sampling but provided comprehensive information on 
individual trader networks. Some individual interviews were conducted at large importing 
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farms in Malaysia (using the semi-structured interview approach) which allowed suppliers 
in Thailand to be traced and compared with results from the Thai component of the study. 
5.4 Results   
5.4.1 Myanmar 
Livestock markets (n=5) were used as the target population for snowball sampling in 
Myanmar, given the apparent importance of these in the livestock trading industry and the 
fact that, according to regulations, all transactions should take place within a market area. 
Expert opinions were gathered from other stakeholders such as traders (n=12), butchers 
(n=2) and farmers (n=28) to build a picture of the livestock trade pathways within, and out 
of Myanmar. Description of the stakeholders (interaction, behaviour, role in the overall 
network of animal trade) and livestock movement pathways identified through snowball 
sampling and semi-structured interviews are provided in these results. 
5.4.1.1 Stakeholders 
In Myanmar, the livestock trade and marketing system involves a number of stakeholders, 
including: small livestock traders (which hold up to five to ten animals at a time); 
slaughterhouses/butchers; livestock markets; large traders; middlemen/dealers; and 
farmers.  Most of the individuals interviewed were either: small traders, butchers or 
farmers, given that these could be identified by the Veterinary Authority and were usually 
willing to participate. Large-scale traders are believed to exist, but these were not easily 
reached given that they are largely involved in the export of livestock, all of which is 
unofficial in Myanmar.   
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The flow-chart in Figure 5.3 provides a summary of the relationship between various 
stakeholders in the livestock trading industry in Myanmar. 
 
Figure 5.3: Relationships between different types of stakeholders in livestock trade in Central Myanmar. Solid arrows 
represent links identified directly during interview, grey dotted arrows represent relationships which are thought to exist 
but were not observed directly. 
Farmers and Middlemen 
Cattle and buffalo are generally bred and raised by farmers in a village. Male cattle are 
raised as draught animals while the females are used for breeding. Most farmers only keep 
a small number of cattle, depending upon their income. There is an average of four head of 
cattle/buffalo per household in Central Myanmar (Naing Oo, 2010). Some farmers will 
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keep the same draught cattle throughout their working life while others buy and sell 
draught cattle at the beginning and end of the cultivation season each year. Buying and 
selling of draught cattle often occurs locally and may or may not involve livestock 
markets. When draught cattle reach the end of their productive lives, farmers usually sell 
them. While these cattle are destined for slaughter, and represent the majority of livestock 
moving through markets in central Myanmar, this is rarely acknowledged by farmers due 
to the close relationship that exists between farmers and cattle. 
Middlemen are important components of the market chain in Myanmar and will usually be 
used to connect buyers and sellers either at the village or at livestock markets (for a 
commission on the sale). Traders seeking to purchase a number of cattle will use 
middlemen to source livestock from their local area. 
5.4.1.1.1 Butchers 
The major buyers of livestock at markets are so-called „butchers‟ who collectively 
purchase approximately 60% of the cattle sold through markets in Central Myanmar. These 
butchers described that they purchase livestock for slaughter and sell the meat on the 
domestic market. However, given the large number of animals purchased by „butchers‟ 
(60% of cattle sold at 33 markets within Mandalay, Magwe and Sagaing each week) and 
the low demand for red meat within Myanmar (Ministry of Livestock and Fisheries, 2010), 
further investigation into the actual destination of livestock bought by butchers would be 
useful. From the information collected in Myanmar it is suspected that these „butchers‟ 
may also be acting as suppliers for larger traders who export livestock from Myanmar. 
Cattle purchased by butchers are usually taken from the market by-foot in groups (Figure 
5.4). 
 138 
 
 
Figure 5.4: A group of aged cattle which were purchased by butchers at a market in Myanmar. 
5.4.1.1.2 Traders 
Livestock traders appear to operate at a number of different levels: between farmers (with 
the assistance of middlemen); between farmers and markets; between markets and other 
traders; buying for slaughter; or buying for export. Some traders (defined as livestock 
dealers) buy and sell animals from market to market, or from time to time at the same 
market, in order to make a profit through changes in market value. The majority of traders 
interviewed deal in small numbers of approximately five head of cattle. Availability of 
funds limits the number of cattle that can be held by a trader at any one time.  
Traders exporting livestock were described by some of the study participants but it was not 
possible to identify or interview any such traders given the sensitive nature of their 
business. These large traders were described by some interviewees as buying large 
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volumes of cattle to sell across the border into Thailand. However, no further information 
was available given that cross border movement is considered illegal in Myanmar. 
5.4.1.1.3 Livestock Markets 
There are approximately 48 livestock markets in Myanmar, of which five were visited, 
operating across seven states and divisions (Livestock Breeding and Veterinary 
Department, 2007). The livestock markets are mainly distributed along major transport 
routes throughout central Myanmar (Figure 5.5). 
  
Figure 5.5: The distribution of livestock markets in Myanmar (yellow dots) (Livestock Breeding and Veterinary 
Department, 2007).  Some markets in Shan State are not shown as their actual location was not known.   
The majority of livestock are sold through markets. These markets involve gathering large 
numbers of cattle and buffalo within a relatively small area (Figure 5.6) where minimal, or 
no, biosecurity measures are in place. A range of stakeholders can be found at livestock 
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markets, including farmers, butchers, middlemen and possibly large traders, or agents 
thereof.   
 
Figure 5.6: A typical livestock market in Myanmar.   
5.4.1.2 Pathways of Livestock Movements 
In Figure 5.7 the linkages (livestock movements) between markets and the general 
directions of livestock movement in Central Myanmar are displayed.  
Of all the markets shown in Figure 5.7, only Ma1, Mn4, Mn6, Mn7, Mn14 and Sa1 were 
visited. The relationships and linkages between the markets were described as being 
consistent from year to year. When livestock are not sold at one market, they will often be 
taken to a different market during the same week. Larger companies or exporters tend to 
purchase animals from a variety of markets, depending on the availability of animals. 
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Figure 5.7: Livestock Market network in Myanmar. Combined results of interviews with livestock market 
owners/managers and traders. The yellow dots represent livestock markets and the red lines represent movement of 
livestock between markets or out to specific locations. Major movements out of the market network are shown by arrows 
(the direction of movements within the network are shown in Figure 5.8). The letter prefixes: Ma (Magway), Ba (Bago), 
Mn (Mandalay), Sa (Sagaing), Sh (Shan) represent the State or Division in which each market is located. 
The general direction of livestock movement through the CMP is from north to south and 
west to east. Livestock tend to originate within the CMP, with all movement leading out of 
this area. The main destinations for livestock moving from the CMP are: Thailand; China; 
Mandalay (for slaughter); and Yangon (for slaughter). There is also movement of draught 
cattle which follow different routes depending on the demand and the season. However, 
slaughter animals make up the bulk of livestock traded through most markets. 
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In Figure 5.8 the network of livestock markets (of which the nodes represent individual 
markets and the links, animal movements between them) are shown. Although these results 
are potentially biased through over-representation of links between markets that were 
actually visited, the central position of Mn7 may be a true reflection of its importance in 
the trading network, given that this market was identified by a number of traders both in 
Myanmar and in Thailand for its size and importance in the pathway of livestock moving 
to Thailand. It is also notable that while Sh1 and Sh2 appear relatively peripheral in the 
market network (with few direct links to other markets), their geographical location 
(towards the Thai border) may make them important components of the pathways into 
Thailand. 
 
 
Figure 5.8: Livestock market network in Myanmar. Arrows represent directed links indicating the direction of livestock 
movement between markets. 
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While information on cross-border movement from Myanmar is limited, this study 
supports the previous findings (Naing Oo, 2010) that Central Myanmar is a source of 
livestock for other areas, and that livestock move from this area into Thailand. 
5.4.2 Thailand 
The northern and central parts of Thailand were the main target areas for this study as they 
represent key transit points for livestock moving from the CMP towards the MTM Zone. 
Thailand is an important component of the livestock movement pathway into the MTM 
Zone as it contains the most active border (in terms of livestock movements) between 
infected zones to the north and the MTM Zone to the south (Wongsathapornchai et al., 
2008a). Expansion of the study into Regions Eight and Nine (MTM Zone) of southern 
Thailand would likely have yielded useful information, however, security concerns 
prevented field studies from being conducted in this area. 
In order to capture the main trading network and livestock movement pathways leading to 
the MTM Zone, the starting points (initial respondents) for the snowball sampling in 
Thailand were those traders who were registered with the DLD to export livestock into the 
MTM Zone of Thailand and Malaysia. The following results provide an overview of the 
stakeholders in the livestock trading industry in Thailand and identification of the main 
livestock trade pathways. 
5.4.2.1 Stakeholders 
In Thailand, the main stakeholders identified within the trade and marketing network of 
livestock include: PQS (importing and exporting); livestock markets; traders; livestock 
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agents, middlemen, transporters; feedlots; and farmers. The relationships between these 
different stakeholders are represented in Figure 5.9. 
 
Figure 5.9: Stakeholder network in Thailand. Solid arrows represent links directly identified during interviews and dotted 
lines represent relationships for which minimal information was available. 
There is a network of approximately 174 livestock markets operating in 45 Provinces of 
Thailand (Department of Livestock Development, 2007a) (Figure 5.10). The density of 
livestock markets is greatest in the north and north-east of Thailand, where the livestock 
population is also greatest. No official markets operate in southern Thailand (MTM Zone). 
The management and biosecurity practices of livestock markets in Thailand are the 
responsibility of the individual market owner, with minimal central regulation. The level of 
biosecurity at each market is therefore variable but generally appears to be low. Livestock 
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markets appear to occupy a central position in the trading network in Thailand, with most 
traders stating that they bought/sold livestock through at least one livestock market. Those 
traders who did not directly purchase livestock in markets could usually be indirectly 
linked to the market system through suppliers. Animals are often moved from one market 
to another if they fail to sell at the first market or if the prices are higher at a different 
market. 
 
 
Figure 5.10: Livestock markets in Thailand. Market locations are arbitrarily assigned within each province. 
 146 
 
5.4.2.1.1 Private Quarantine Stations 
Thailand operates a system of PQS. These stations are approved by the DLD for importing 
purposes and by the DLD and DVS for exporting purposes. The PQS for importing are 
located along the Myanmar-Thai border close to major (but unofficial) border crossings. 
One of these stations was visited for this study. These stations function to process livestock 
which unofficially exit Myanmar. The managers of these stations have contacts within 
Myanmar from whom they source cattle. The livestock are held in the PQS for a period of 
21 days. During this time cattle are vaccinated twice for FMD (on days one and 14), ear-
tagged and given health certification. Several traders reported that the DLD had been 
relatively successful in controlling livestock importation from Myanmar by using the PQS 
system, however the proportion of livestock circumventing the official procedures was not 
known. 
The PQSs approved to export to the MTM Zone of Thailand and Malaysia are located in 
the central and southern areas of Thailand and are generally owned by Thai nationals 
(though some Malaysian nationals also operate farms within Thailand to supply their own 
farms in Malaysia). The PQS owners procure livestock: directly from farmers in the local 
area; through middlemen or agents; from small and medium level traders; and/or directly 
from livestock markets. These PQS are generally large (1,000-2,000 head capacity), but 
their number is relatively few (up to six were registered with the DLD, one of which no 
longer exported livestock). Therefore, five such stations were visited for this study. 
Those animals moving to Malaysia are required to undertake a further ten days (as well as 
the mandatory 21 day period) in a government quarantine station (GQS) in Thailand 
(located at Petchaburi or Prachuap Khiri Khan) before they are exported. Livestock 
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moving into the MTM Zone of Thailand move directly from the PQS (after completing the 
quarantine requirements) into Regions Eight or Nine, where they are held for a further 
three days at a holding area belonging to the buyer. 
Some exporters use only GQS and do not have a registered PQS. However, these were 
likely to have been under-represented in this study as they could not be identified through 
the DLD. 
5.4.2.1.2 Other traders and middlemen 
Livestock traders and middlemen vary in the number of livestock they handle (from small 
consignments of up to five at any one time to large consignments of up to 1,000 per 
month) and the way in which they procure and distribute livestock. Traders operate 
through livestock markets and also work directly between the farmer and exporter levels. 
Most transactions conducted at the village level involve a middleman who sources cattle 
from farmers according to the requirements of the trader. 
5.4.2.1.3 Slaughterhouses 
Slaughterhouses in the central and northern areas of Thailand were not included in the 
study given that they are unlikely to be important in the movement of livestock into the 
MTM Zone. However, further investigation of slaughterhouses within the MTM Zone of 
Thailand could yield important information on the trading network „upstream‟ of the 
slaughterhouse, and therefore the movement of livestock into the MTM Zone. However, 
for security reasons, the MTM Zone of Thailand was not included in the field study. 
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5.4.3 Pathways of Livestock Movement 
PQS1-4 were all included in the first round of interviews, while MsukP1 and PQS4P1 were 
recruited into the study by respondents in the first round of interviews and included in 
round two. ImPQS1 and MMHSP1 were recruited by respondents in round two and made 
up round three. Numerous traders were also interviewed to provide additional information 
about the livestock trading pathways, and expert opinions were sought to validate and 
expand on the information from snowball sampling. 
5.4.3.1.1 Private Quarantine Stations exporting to MTM Zone (Snowball Sampling: 
Round One) 
5.4.3.1.1.1 PQS 1 and 2. 
PQS1 and PQS2 are presented together as their supply and distribution chains were the 
same and, although the operations run independently, they had the same owner, suppliers 
and clients and thus effectively occupied the same position in the trading network. PQS1 
and PQS2 have a capacity of 2,000 and 700 head per month, respectively. During the peak 
season (October to January), the farms were full to capacity. At other times of the year, the 
number of animals traded could reduce by half. 
Livestock are procured using middlemen (on a 200 Thai Baht (THB) per head 
commission) to source suitable animals. These middlemen keep livestock in holding areas 
(also referred to as pre-quarantine) until there are enough to send to the PQS. None of the 
immediate suppliers of PQS1 and 2 are said to source livestock from markets or from 
neighbouring countries, but the owner of PQS1 stated that farmers often buy from markets 
and that some of the animals which enter PQS1 and 2 would have originated in Myanmar. 
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Suppliers for PQS1 and 2 are located in north, central and north-eastern Thailand (Figure 
5.11). 
 
Figure 5.11: Livestock density map showing the suppliers of PQS1 and PQS2 (Department of Livestock Development, 
2007b). The government quarantine station through which livestock must pass is also shown (Gnt QS). 
PQS1 and PQS2 use the Petchaburi GQS to hold livestock prior to export to Malaysia. 
There are 5 main clients to which cattle are supplied in Malaysia and these traders are 
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believed to sell animals to further traders within Malaysia. The trading network of PQS1 
and 2 is shown in Figure 5.12. 
 
Figure 5.12: Trading network of PQS1 and PQS2. 
5.4.3.1.1.2 PQS 3 
PQS3 is located in Prachuap Khiri Khan Province in Southern Thailand. This quarantine 
station supplies clients within the MTM Zone of Thailand and Malaysia. The holding 
capacity is 2,000 head, with approximately 1,000 head per month sold to the MTM Zone 
of Thailand and 1,000 head per month to Malaysia. The station was being expanded at the 
time of the visit to hold 5,000 head and will eventually supply 4,000 head per month to 
Malaysia and 1,000 head per month to the MTM Zone of Thailand. 
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All of PQS3‟s suppliers (mainly local traders and farmers) are located in three districts 
surrounding PQS3. When there is insufficient supply of cattle from local traders, the owner 
of PQS3 sources livestock from local feedlots (60-70 head capacity). The location of PQS3 
and its buyers in the MTM Zone of Thailand and Malaysia are shown in Figure 5.13. The 
trading network of PQS3 is shown in Figure 5.14. 
 
Figure 5.13: Location of PQS3 and the clients (buyers) in the MTM Zones of Thailand (blue stars) and in Malaysia (red 
stars). There are some additional Malaysian clients, but details of these were not available.  
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Figure 5.14: Trading network of PQS3 (S/T = a buyer in Southern Thailand). 
5.4.3.1.1.3 PQS 4 
PQS4 is located in Prachuap Khiri Khan Province of Thailand and has a relatively complex 
supply network. The station has a holding capacity of 1,700 head of cattle, of which 1,000 
are destined for Malaysia and 700 for the MTM Zone of Thailand each month. The owner 
of PQS4 also owns a feedlot which supplies both PQS4 and other buyers in Thailand.  
The main sources of cattle for PQS4 are the north and north-eastern provinces of Thailand 
(Figure 5.15). A number of large traders operate in these areas and supply livestock to 
PQS4. These traders are believed to source livestock from local traders and livestock 
markets in their specific areas. When these traders can‟t supply sufficient numbers of cattle 
at a pre-determined price, the owner of PQS4 will go directly to livestock markets in 
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Sukothai and Buriram provinces to buy cattle himself. These cattle are taken to the holding 
area of one of the traders who normally supplies PQS4 and are transported to the station 
only when sufficient numbers have been collected to fill a truck. 
PQS4 also sources livestock from local feedlots (within Prachuap Khiri Khan). The owner 
of PQS4 supports these feedlots by supplying food and arranging transportation of 
livestock from the feedlots to the quarantine station.  
 
Figure 5.15: The locations of the suppliers to PQS4. The locations are accurate to provincial level and show main 
suppliers in the north, north-east Thailand, and the area local to the PQS. The red stars represent traders (North and 
North-East) and feedlots (surrounding PQS4) which supply the station.  
PQS4 distributes livestock to the MTM Zone of Thailand and to Malaysia (after 
completing ten days quarantine in the GQS at Petchaburi). The owner of PQS4 does not 
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contact the buyers directly but sells livestock through agents located in southern Thailand. 
The trading network for PQS4 is shown in Figure 5.16. 
 
Figure 5.16: Trading network for PQS4. 
5.4.3.1.2 Snowballing from PQS1, 2, 3 and 4 
As the starting points of the snowball sampling method, information from PQS1-4 was 
intended to direct the sampling towards areas involved in the supply to, and distribution 
from, the starting points. The supply of cattle to PQS1-4 appeared to come predominantly 
from the northern areas of Thailand and in the locality of the PQS. The north-east was also 
identified as a source of livestock, but to a lesser extent. 
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The snowball sampling method was applied to trace movements „upstream‟ towards the 
source during the study in Thailand. Information on the buyers of cattle from PQS1-4 was 
followed up under the Malaysian study. 
5.4.3.1.3 Sukothai Province (Snowball sampling: Round 2) 
Sukothai, a province in the north of Thailand with a high concentration of livestock and 
livestock traders, was highlighted as a source of animals by two PQS owners. Based on 
these findings, Sukothai was elected as a secondary study area, such that the source of the 
livestock for the PQS could be followed and the pathway traced further upstream. 
During the study in Sukothai province, a supplier of PQS4 was identified and interviewed. 
This trader (PQS4S1) operated from Sukothai province and sourced livestock from 
markets in Sukothai and Tak provinces, and from local farmers within these two provinces. 
Her main buyers were traders at markets in Sukothai and traders in Prachuap Khiri Khan. 
PQS4S1 buys and sells approximately 250 cattle each week. 
A market in Sukothai province (MSukP1) was identified by PQS4S1 and PQS4 as a source 
of livestock. This market is the largest in the province and was operating on the day of the 
visit (there are two other markets within the province, but both are smaller than MSukP1). 
Approximately 1,300 cattle and buffalo (mainly cattle) are brought to MsukP1 each week. 
Of these, approximately 800 head are sold. While visiting the market, interviews were 
conducted with: the manager of MSukP1; several traders; and the local DLD veterinary 
officer. A summary of the interview results are outlined below. 
Traders operating in Sukothai represent a major source of livestock traded through 
MSukP1 each week. However, the prior source of these livestock could not be ascertained, 
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except in the case of trader PQS4S1 who said that she purchased livestock from Tak 
Province. Other sources of livestock to MSukP1 include traders in Chiang Mai and 
Lampang Provinces, to the north of Sukothai. 
The manager of the market stated that livestock move out of the market by three main 
routes: north-east to markets in Udon Thani and Nong Bua Lamphu Provinces; north-east 
for slaughter in Mahasarakam Province; and south for slaughter in Bangkok or to 
Petchaburi Province prior to export to Malaysia. Information from a trader operating in the 
latter trade (who trades 150 cattle per week from MSukP1 to Petchaburi for sale to 
Malaysian customers) further supported this information. The main source areas and 
destination routes of MSukP1 are shown on the map in Figure 5.17. 
   
Figure 5.17: Provinces supplying cattle to MSukP1 (yellow shading) and the destination areas of livestock after passing 
through MSukP1.  
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5.4.3.1.4 Private Quarantine Station (ImPQS1) and Livestock Market, Tak District, 
Mae Sot Province (MMHSP1) (Snowball Sampling: Round 3) 
In order to trace the pathway of livestock further „upstream‟ from Sukothai province, the 
border area of Mae Sot province (Tak) was visited. Tak was implicated as a source of 
livestock moving to Sukothai market and has also been identified, through consultation 
with DLD, as a main crossing point for livestock from Myanmar. A PQS (importing from 
Myanmar) and a livestock market were visited in Tak. 
The manager of the market in Tak District (MMHSP1) described that 75% of livestock 
moving through this market came from Myanmar (800-1,000 head of cattle came to the 
market each week, of which 50-60% were sold). The owner of this market stated that all 
cattle and buffalo entering Thailand at the Mae Sot crossing area would pass through this 
market. Given the lack of information available on the number of livestock entering 
Thailand from Myanmar (through both official and unofficial pathways) it is not clear 
whether this statement is likely to be accuarate or not. However, the high demand for 
livestock across South-East Asia, and the apparent role of Myanmar as a major source of 
this livestock would suggest that the volume entering through this crossing point would 
exceed the volume passing through this market each week. 
In Figure 5.18 the sources and destination of livestock moving through MMHSP1 are 
shown. It should be noted that the connection between MMHSP1 and MSukP1 described 
by trader PQS4S1 is further supported by information collected from respondents at 
MMHSP1. 
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Figure 5.18: Trading network of MMHSP1. 
The PQS (ImPQS1) visited on the Thai-Myanmar border has a capacity of 500 head, with 
an output of 100 head per week. Livestock enter ImPQS1 immediately after crossing the 
border from Myanmar. The owner has contacts in Myanmar and in Thailand with whom he 
buys and sells cattle, respectively. Approximately 40 to 50 Myanmar traders supply cattle 
to ImPQS1 at different times (each trading three to five head at any one time). These 
animals are walked to the Thai border and collected into groups of 30 before crossing the 
river into Thailand. 
It is not known whether the small traders described in Myanmar own the livestock at the 
point of exportation or whether they are employed by a larger company to move the 
animals. The original sources of livestock crossing the border into ImPQS1 are: Bago 
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Division, and Meiktila and Okkan Districts of Mandalay Division. This supports 
information collected in Myanmar which suggested livestock cross into Thailand after 
passing through Mn7 market (located in Meiktila District) and from Bago Division. 
 
Figure 5.19: The movement pathway of livestock to the border area between Myanmar and Thailand. Source of 
background map, (Google Inc., 2012). 
The pathway of livestock movement within Myanmar, prior to crossing the border in Mae 
Sot was described by the owner of ImPQS1. Livestock are usually trucked in large 
consignments to Hpa-an (near the border area in Myanmar). At Hpa-an, the livestock are 
unloaded (due to impassible roads and/or to avoid checkpoints). From Hpa-an to 
Kawkreik, the livestock are walked as a single consignment. On reaching Kawkreik the 
livestock are either sold to smaller traders or villagers are employed by a larger trader to 
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walk the animals to the border. Once at the border, the animals are sold to ImPQS1 (Figure 
5.19). 
5.4.3.2 Stakeholder Meeting 
 
Figure 5.20: Results of a stakeholder meeting in Thailand showing livestock movements described by traders. Large blue 
arrows represent cross-border movement between Thailand and neighbouring countries, and between Thailand and the 
MTM Zone. Red lines represent movement pathways of livestock (linking various geographical points rather than true 
pathways).  
In order to validate and supplement information collected using snowball sampling, a 
stakeholder meeting was held in northern Thailand to gather expert opinion on livestock 
trading networks in Thailand. The group of 28 stakeholders (predominantly livestock 
traders and market owners) were asked to provide details of livestock movement routes 
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through northern Thailand and to describe information on the specific routes taken by the 
livestock (ie. livestock markets involved, etc). The results are summarised above (Figure 
5.20). The traders noted the importance of the livestock markets in the trade of cattle and 
buffalo in Thailand and most movement routes involved markets. Sukothai province, and 
specifically MSukP1, was highlighted as a „hub‟ of livestock trade between the Myanmar 
border and other areas of Thailand. This was indicated on the maps developed by three 
different groups during the workshop session, the results of which are summarised in 
Figure 5.20. 
5.4.4 Malaysia 
The field visit conducted in Malaysia consisted of interviews with traders operating in the 
border state of Kelantan (the main point of entry for livestock from Thailand) and 
Terengganu state, a common transit area for imported livestock. Snowball sampling could 
not be used in Malaysia, but some linkages between traders identified in Thailand and 
traders interviewed in Malaysia were established. 
5.4.4.1 Stakeholders 
In Malaysia, the main stakeholders identified were: importers, feedlots, and integrated 
farming (cattle-under-palm) systems, butchers, traders and middlemen. The trading system 
in Malaysia was quite different to that of Myanmar and Thailand in that there were no 
livestock markets. The market chain for officially imported cattle in Malaysia tends to start 
with relatively large importations (up to 1,000 to 2,000 head of cattle each month). From 
here, the chain diverges quite rapidly into smaller systems of traders, butchers and 
integrated (oil palm plantation and cattle) farming systems. The latter, however, can keep 
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large numbers of cattle and buffalo and can also be suppliers for the smaller traders and 
butchers. The relationships between different trader types are shown in Figure 5.21. 
 
Figure 5.21: Malaysian stakeholder network. The 'farms' shown in the diagram mainly represent breeding establishments. 
5.4.4.1.1 Importers: Private Quarantine Stations 
Larger importers in Malaysia often buy from the same Thai exporters on a regular basis, 
and in some cases may run their own exporting quarantine station in Thailand. These large 
importers of cattle have developed PQS into which animals can be brought directly from 
Thailand (providing they have already completed the approved quarantine procedures 
within Thailand). On arrival at Malaysian stations, the animals are vaccinated for FMD and 
quarantined for a further 10 days before they are permitted to move within Malaysia. This 
PQS system is a relatively recent development in Malaysia and appears to be working well, 
with more animals moving through official importation pathways as opposed to the 
unofficial routes (Naheed, 2009a). 
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There are approximately 22 PQS in the state of Kelantan which range from small stations 
of less than 100 head capacity, to stations with 4,000 head capacities. One of the largest 
PQS in Kelantan sources livestock from PQS1 and PQS2 in Thailand. An example of a 
larger PQS is shown in Figure 5.22. 
 
Figure 5.22: A private quarantine station in Kelantan State, Malaysia. 
5.4.4.1.2 Importers: Government Quarantine Stations 
Importers who do not have an approved holding area can use GQS for the official 
importation of livestock. These stations use the same period of quarantine as the private 
stations, but offer less flexibility in terms of timing and availability of space. The 
government stations operate on a „first-come, first-served‟ basis. Animals are allowed into 
the station over a three day period and, on the fourth day, the station is closed and the 
 164 
 
quarantine period begins. Once the quarantine period is complete, the animals must be 
moved out of the station. However, any movement out of the state of Kelantan requires 
health certification by the DVS, which can result in delays and potentially loss of sales for 
traders, as described by one trader in Kelantan. Such delays can act as disincentives for 
traders to follow official pathways. 
5.4.4.1.3 Importers: Unofficial Trade 
Some importers move animals unofficially across the border between Thailand and 
Malaysia. Since development of the private quarantine system, official cross border 
movement of animals has become easier for traders with reduced waiting times and the 
convenience of quarantining at the traders‟ own property. As a result of these new 
measures, and due to increased efforts by the Veterinary Authority to catch animals moved 
unofficially into Kelantan, the number of animals moving through the unofficial pathways 
appears to have reduced (Naheed, 2009a). However, this reduction was mainly attributed 
to large-scale traders who have the resources to establish approved quarantine facilities, 
while smaller traders would be unlikely to develop such facilities. Most unofficial trade is 
now thought to be carried out by these small scale traders (personal communication, 
Naheed Mohammed Bin Hussein, 2009). One such trader described that to move through 
the official channels would cost RM300 (US$84) per head more, and take longer, than to 
move animals unofficially over the border. Small scale traders are able to compete with 
larger traders (using official channels) by selling livestock at a lower price due to reduced 
importation costs. The sourcing of cattle in Thailand by these traders is often aided by 
local contacts or family members, where communities straddle the national boundaries. 
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5.4.4.1.4 Small Traders and Butchers 
Many of the smaller traders operating within Malaysia also function as butchers. There is a 
large demand in Malaysia for freshly killed meat and therefore most slaughter is performed 
in small-scale systems at the village level. Butchers will generally hold several animals at 
their farm and slaughter them in small numbers (often a single animal at a time) to ensure 
that all the meat is sold straight away. Butchers tend to be located throughout Peninsular 
Malaysia and represent an end-point of the market chain, thus animals entering at the Thai 
border tend to reach all other states in Peninsular Malaysia quite rapidly. There are a small 
number of large, government owned abattoirs but the small-scale systems predominate. 
5.4.4.1.5 Integrated farming: Cattle-under-palm plantations 
Integrated farming involves keeping cattle in palm plantations as a supplementary income 
for the palm producer. The cattle are not the primary enterprise in these systems and 
therefore the observation and maintenance of the cattle tends to be limited. DVS Officers 
noted that such farming systems might carry increased risk for disease transmission due to 
lack of vaccination, minimal observation of livestock, and frequent movement of animals 
between plantations. These integrated systems usually belong to large private companies or 
to a system known as Federal Land Development Authority (FELDA) in which the 
government provides land and settlements to farmers to encourage rural development and 
to increase farmer income. The FELDA farmers, and other plantation systems, usually buy 
livestock from traders or importers of cattle and will sell to butchers or feedlots. 
5.4.4.1.6 Breeders and Feedlots 
Some farmers breed cattle and buffalo while others operate feedlots. At present, these tend 
to be relatively small systems, but further development is expected in the future. Increasing 
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emphasis is being placed on developing livestock production in Malaysia as part of an 
initiative to reach 40% self-sufficiency in fresh meat production by 2013 (National Feedlot 
Corporation, 2010). Cattle for breeding are imported mainly from Thailand, and to a far 
lesser extent, from Australia. Breeding farms were not visited during the study, but in 
general the importers of breeding animals and the systems through which they are 
imported are similar to those of the slaughter cattle, except that breeding animals are 
required to be tested for NSP antibodies for FMD prior to import. Any positive animals (in 
the absence of clinical signs) are either rejected or can be accepted on the condition that 
they are sent immediately for slaughter. 
5.4.4.2  Pathways of Livestock Movement 
Along the border of Thailand and Kelantan is the Golok River. This river ranges in width 
from ten to 40 metres and is easily fordable in some areas. For this reason, Kelantan is an 
important area for unofficially imported livestock to enter Malaysia, and is also the main 
point of entry for official movements. 
In 2008, more than 66,000 cattle and buffalo were officially imported from Thailand into 
Malaysia (Naheed, 2009a) most of which entered through Kelantan. The movement 
pathways within Malaysia are relatively dynamic and have shown changes in recent years 
in response to: increased enforcement of movement restrictions within Malaysia; changing 
importation protocols; and changes in the source of livestock imported into Malaysia. In 
previous years there were more livestock imported from Australia which arrived at the 
Johor Sea-Port in Southern Malaysia. Australian sourced animals arriving at this sea-port 
satisfied the demand for live animals in the southern areas of Malaysia. Therefore, there 
was minimal north to south movement at this time. Recently, following a significant 
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reduction in Australian sourced cattle, the majority of livestock imported into Malaysia 
enter the northern states of Peninsular Malaysia directly from Thailand. These animals are 
then widely distributed to satisfy demand throughout Malaysia. Consequently, there is a 
diverging pattern of movement from the northern entry (predominantly through Kelantan) 
to all other states in Peninsular Malaysia.  
Naheed (2008) described that greater enforcement of importation laws in the state of 
Kelantan caused an altered movement pattern in which more livestock were transiting 
directly from the border area in Kelantan to the northern edge of Terengganu State. As a 
result of the altered movement pattern, more outbreaks of FMD were reported in 
Terengganu (Naheed, 2008). Terengganu was thus included in this study to gain a better 
understanding of the livestock movements within Malaysia. Movement patterns of 
livestock entering Terrenganu, as reported by traders operating in this area, are described. 
Thailand represents a major source of cattle to Terrenganu, but these are supplied by a 
relatively small number of traders as larger consignments (average 110 animals bought per 
trader per month). Local movement from Kelantan to Terengganu tends to involve much 
smaller consignments (average 40 animals per trader per month). The source of the Thai 
animals described here are mainly from approved quarantine facilities in central and 
southern Thailand. 
Seventy one percent of cattle sold by the Terrenganu-based traders are sold within 
Terengganu state. These local movements of livestock tend to be conducted in small 
consignments, while interstate movements are in larger consignments. As there are 
regulations for moving livestock to other states, the response to these questions may have 
been biased by traders not wishing to disclose movements beyond the state boundary. 
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Kelantan, as compared to Terengganu, appears to have higher numbers of livestock 
moving through the state and the livestock tend to be distributed more widely. Due to the 
high demand for slaughter cattle in Malaysia, many live animals will reach a small scale 
butcher or larger slaughterhouse relatively rapidly after importation. 
5.5 Conclusion of findings 
The major pathways of livestock movement destined for the MTM Zone, as indicated by 
the results of this study, commence in Central Myanmar, transit through northern and 
central Thailand before entering the MTM Zone of Thailand and Malaysia. This pathway 
represents the official movements of livestock, but the limited information available on 
unofficial movements suggests that livestock may follow similar pathways, geographically, 
though the stakeholders may vary. 
Movement from Myanmar to Thailand can occur through a number of entry points, of 
which Mae Sot is considered the most significant (personal communication, Prasit 
Chaitaweesub, 2009). While the movement of livestock out of Myanmar is not recognized 
officially, many livestock are taken into the official Thai quarantine system on arrival in 
Thailand. Private quarantine stations are located along the Myanmar-Thai border to 
manage this trade. While the system of PQS improves the safety of importation of 
livestock from Myanmar, the proportion of imported animals that circumvent these 
controls is unknown. 
On arrival in Thailand, either unofficially or following the quarantine period, most 
livestock are moved by traders to livestock markets near the border area. Those livestock 
destined for the MTM Zone are generally moved, mainly by traders, towards the central 
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area of Thailand, in which Sukothai province is an important transit area. Within Sukothai 
province, livestock are either moved through another market or moved directly from one 
trader to another, before going to PQS in the central and southern areas of Thailand in 
preparation for export to the MTM Zone. The actual number of markets, or different 
stakeholders, through which livestock are moved, varies but the general direction of 
livestock movement is quite consistent. 
Livestock move into the MTM Zone through official pathways (utilizing GQS or PQS) or 
unofficial pathways. The volume, or proportion, of livestock moving by the latter pathway 
is not known. Once within the MTM Zone, livestock may remain within Thailand (for 
slaughter or breeding) or move into Malaysia. The movement into Malaysia will often start 
from outside the MTM Zone, transiting directly through the MTM Zone of Thailand to the 
border with Malaysia. There is also local movement from within the MTM Zone of 
Thailand into Malaysia. The volume of livestock entering Malaysia unofficially from 
Regions Eight and Nine of Thailand has reduced following implementation of new import 
protocols (Naheed, 2009a) but remains significant. 
The major pathways of livestock movement (showing geographical areas) are summarised 
in Figure 5.23, indicating the source, transit and destination areas for livestock moving to 
the MTM Zone. In Figure 5.24 the different stakeholders identified along the trade 
pathways of livestock destined for the MTM Zone and the relationships between those 
stakeholders are displayed.  
The pathways identified in this study can account for approximately 55,000 head of 
livestock moving into the MTM Zone each year (estimated from the combined monthly 
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capacity of PQS1-4 in Thailand, and allowing for only 50% capacity six months of the 
year due to seasonal fluctuations). As described previously, 85,890 head of cattle and 
buffalo were reported to move into the MTM Zones in 2008 (Chotyaputta, 2009). 
Therefore, the pathways identified by this study account for approximately 64% of the 
official movements of livestock into the MTM Zones. This suggests that the major 
livestock movement pathways have likely been captured by the study but that these do not 
account for all official imports. Some further official trade was identified in which 
government quarantine stations were used instead of private quarantine stations, the details 
of which were unavailable. However, information collected during interviews suggests that 
the source and transit areas of livestock are likely to be similar to those already identified. 
 
Figure 5.23: The major geographic pathway of livestock movement, identified by this study, into the MTM Zone. 
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Figure 5.24: Stakeholder network for the movement of livestock from their source in Central Myanmar, through to their 
destination in the MTM Zone of Thailand and Malaysia. 
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5.6 Discussion 
5.6.1 Snowball Sampling 
The application of Snowball sampling in identifying stakeholders and livestock movement 
routes had some limitations in terms of lack of information to identify initial respondents 
and time constraints to follow up further respondents. Requiring stakeholders to provide 
names and contacts of trading partners as the method of recruiting further respondents 
created problems in that some traders were not willing to provide these details and, even 
where details were given, it was difficult to find and follow-up these contacts for further 
investigation. A better approach may have included a recruiting process similar to that used 
by Hylke et al. (2007) in which primary respondents recruited further respondents directly 
and then those secondary respondents were given an incentive to contact the research team 
and take part in the study. This approach has proved successful in previous studies where 
members of sensitive groups needed to be identified (such as intravenous drug users or 
HIV infected individuals (Eland-Goossensen et al., 1997; Hylke et al., 2007; Dumchev et 
al., 2009) and therefore may have been more successful in identifying traders involved 
with illegal or unofficial trading activity. 
To apply snowball sampling successfully, particularly using the method of recruitment 
employed in this study, there must be: a good level of flexibility with the field data 
collection team; sufficient time to follow links identified; and sufficient funds for extensive 
field work. For this study, the researcher was accompanied by government officials of the 
three member countries and there was limited flexibility in the schedule of each field visit. 
Therefore, links could not easily be followed at the short notice available after the initial 
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interviews. Many of the secondary respondents identified through the snowball sampling 
process were widely spaced and were therefore difficult to follow up in the time available. 
These limitations were overcome to some extent by modifying the sampling technique 
such that detailed information was collected for the initial respondents (their trading 
behavior, trading network and geographical source and destination of livestock) and then 
these were followed up by visiting the geographical area where the livestock were sourced 
and interviewing a variety of stakeholders (including those of the same type described by 
the initial respondent).  
When the snowball approach was modified (for use in Thailand) it was very effective in 
tracing along the market chain of livestock and determining the geographical movements 
of livestock throughout the country. The information collected through snowball sampling 
in Thailand was validated through focus group discussions with traders in northern 
Thailand. 
In Myanmar, snowball sampling was not useful. The reason for this was reluctance for any 
trader interviewed to divulge the identity of trading partners or to describe movement 
beyond intra-district level (the highest level of movement which does not require a permit). 
Although such regulations are rarely followed or enforced, when interviewing individual 
traders in the presence of government officials, reluctance to divulge trading routes could 
be expected. Respondents within Myanmar were more willing to provide general 
information such as the linkages (in terms of livestock movements) between different 
markets as this did not implicate any individuals in conducting those movements and also 
related to an officially accepted method of trading. However, as not all markets could be 
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visited and because the markets included in the study were selected by convenience 
sampling (location and whether the market was operating on the day of the field visit), 
there was the potential to introduce bias. One of the most significant biases was potential 
over-representation of movements through markets actually visited, as owners were more 
able to give detailed information on their own market compared with other markets in the 
area. In an attempt to validate information collected in Myanmar, information on Myanmar 
livestock markets was also discussed in Thailand where the same key market identified in 
the Myanmar study was identified by a Thai trader as a source of animals moving into 
Thailand. 
Snowball sampling appears to have a place in this type of study in that it allows for tracing 
of movement pathways and identifying stakeholders, even where the target population 
cannot be identified and no sampling frame exists. Snowball sampling is also useful for 
collecting relational data and formulating networks (something less applicable to random 
sampling methods). However, for the reasons outlined above, a modified approach to 
sampling in which stakeholders located in one area are interviewed to find the source and 
destination of livestock they trade (geographically) and then these areas are followed up is 
more applicable than following individual connections given the large study area and time 
constraints of this study. 
5.6.2 Selection of initial respondents 
Starting points in Thailand were purposively selected given that they trade in large 
numbers of livestock and export to Malaysia and to the MTM Zone. It was decided that 
these were likely to lie within the major pathways of livestock movement to the MTM 
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Zone and therefore belonged to the target population. Thus purposive sampling was 
considered applicable in this situation. 
In Myanmar, when conducting a study of the market system, a complete sampling frame 
(identification of all markets) was available and random sampling methods would have 
provided a more representative sample of movements within the market chain. 
Alternatively, given the relatively small number (23) of markets located within Mandalay, 
Magway and Sagaing, focus group discussions with market managers of all markets in 
each division would have yielded the most valuable results (as a random sample may not 
have identified all links between markets). However, given limitations in the planning of 
the visit, such random sampling or extensive sampling of the markets was not possible. 
Most visits to Myanmar were limited to seven to ten days, markets run on a five day 
rotation and they are widely spaced geographically. Therefore, only a small number of 
markets could be visited and market owners were generally only available on market days. 
Which markets were visited was decided by the LBVD officers, based on: geographical 
location; day of operation; and willingness of the market owner to participate. Therefore, 
such convenience sampling would likely have biased the results. As mentioned before, 
attempts were made to validate this method by triangulating information from different 
sources. 
In Malaysia 20-30 stakeholders were interviewed in two meetings in Kelantan and 
Terengganu. Again, these were not randomly selected from all traders operating within the 
two states but were the result of invitations sent to all traders who could be identified by 
the DVS. This sample was thus a biased representation of traders favouring those known to 
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the government. This may have over-represented those traders involved in the official trade 
of livestock. 
5.6.3 Expert opinion 
Focus group discussions conducted in Thailand were useful for identifying general 
movement pathways and validating information from the snowball sampling results. A 
useful addition to these discussions would have been to interview a number of traders 
individually in order to gather more detailed information and utilise the opportunity of 
having brought together traders in a meeting of this nature. A larger and well-briefed 
research team may have allowed for focus group discussions and individual interviews to 
be conducted concurrently (in separate rooms) and thus optimise the output of the meeting. 
5.6.4 Unofficial movement pathways 
Unofficial livestock trade is likely to be under-represented in this study given the sensitive 
nature of this activity and the organization of the research team. In order to conduct 
research in Malaysia, Thailand and Myanmar, the researcher must be accompanied by 
officers of the Veterinary Authority, DVS, DLD or LBVD, respectively. Traders involved 
in unofficial trade of livestock were unlikely to disclose details of such activities in the 
presence of government officials, for fear of repercussions. In some cases, there was also 
concern that disclosing true numbers of animals in front of government officials would 
incur increased taxation from the government. Therefore in a number of situations, 
particularly in Myanmar, the number of livestock being traded was under-estimated.  
Some general information could be collected from government officials themselves, but 
this may also be biased as it is the responsibility of such officials to regulate the trade, and 
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admission of unofficial trading activities may be seen as failure to perform this role. Using 
the government officials as interpreters also means that information provided by the 
respondent may be filtered by the official and therefore not captured by the researcher. 
Changing the sampling approach such that traders need not disclose their names, and 
preventing government officials from being present at the interview might help to improve 
representation of unofficial trade. 
5.6.5 Insufficient study sites and information gaps 
The study sites were selected based on: existing information on livestock movements 
destined for the MTM Zone; response to interviews with traders; and from expert opinion. 
While the sites and initial respondents were selected in such a way as to increase the 
chance of capturing the main pathways of livestock movements, some useful areas were 
still neglected. Kanchanaburi province contains a border crossing between Myanmar and 
Thailand. However, none of the pathways identified through this study lead to 
Kanchanaburi. This may be an indication that the border crossing is not important, but it 
may also be that an entire section of the trading network was not captured by this study. 
Further follow up in this area might therefore yield useful information.  
Other areas which could have added value to the study include the MTM Zone of Thailand 
and the eastern states of Myanmar, both important areas for livestock movements relevant 
to the MTM Zone. However, access to these areas is limited due to security issues. 
5.6.6 Susceptible Species 
This study focuses on cattle and buffalo movements and does not investigate trade in other 
FMD susceptible species. However, studies in Myanmar (Naing Oo, 2010) and in other 
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regions (Kitching and Hughes, 2002) suggest that sheep and goats may play an important 
role in the spread and/or maintenance of FMD. From information collected in this study, it 
appears that most traders interviewed deal only in cattle and buffalo, rather than mixed 
species. Therefore, a similar study focusing on trade pathways of small ruminants may be a 
useful addition to this study, as it is likely to identify a completely different sub-group of 
traders. 
The pathways identified in this study will be used to develop models to quantify the risk of 
importing FMD infected livestock into the MTM Zone, taking into account the movement 
pathway of livestock from their source. This risk assessment, presented in the following 
chapter, will estimate the risk of FMD infected animals entering the MTM Zone through 
the pathways identified here and identify which steps within those pathways are the main 
contributors to that risk. 
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6 A Quantitative Risk Assessment model to identify the major 
contributors to the risk of incursion of FMD into the Malaysia-
Thailand-Myanmar Zone 
6.1 Aim 
The aim of this chapter is to develop a quantitative risk assessment model to identify the 
major contributors to the risk of incursion of viable FMD virus into the MTM Zone via 
official and unofficial movement of live cattle and buffalo. The model will be used to 
estimate the risk of FMD incursions via the major pathways of livestock trade that were 
identified from the study presented in Chapter Five. Model parameters which are highly 
correlated with this output risk will be considered as potential targets for risk mitigation 
measures. 
Given the paucity of data on livestock movements and measures of disease occurrence in 
the MTM Zone, it is intended that this model also be used as a framework on which to 
build as more data become available over time. 
6.2 Background 
Wongsathapornchai et al. (2008a) conducted an assessment of the likelihood of 
introduction of FMD into the MTM Zone through the importation of live animals (cattle 
and buffalo). Their study concluded that, under the current system, livestock infected with 
FMD were likely to be introduced into the MTM Zone each year and that further risk 
mitigation measures should be introduced at the border in order to manage this risk. The 
current study aims to update and expand on their study. 
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This risk assessment was conducted as there have been significant changes in the volume 
and source of livestock imported into the MTM Zone since the study of 
Wongsathapornchai et al. (2008a) (Cocks et al., 2009; Naheed, 2009a). The model in this 
study was designed to include livestock movements from their source right through to their 
destination rather than just capturing a small section of the livestock movement pathways. 
The risk assessment will focus on a single major pathway of livestock movement from 
Central Myanmar to the MTM Zone. The steps within this pathway are based on the major 
trade routes identified in Chapter Five. 
Livestock trade movements are highly influenced by market supply and demand and are 
therefore unlikely to remain static but will change over time, in accordance with changes in 
market forces. While this model focuses on a single pathway of movement, the principles 
and parameters of the model may be used as a framework on which to base future models 
as livestock trade pathways change and/or as more information becomes available. 
6.3 Materials and Methods 
6.3.1 The Model 
A stochastic model was developed to represent movement of livestock through a trade 
pathway identified in Chapter Five. This is considered to be one of the major pathways of 
animal movement destined for the MTM Zone: originating in Central Myanmar, moving 
into Thailand to the north of the MTM Zone boundary; passing through several livestock 
markets; before crossing into the MTM Zone either unofficially or via an approved 
quarantine system.  
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The parameters of the model were furnished with data obtained from: official records from 
the Veterinary Authorities of each MTM member country; published literature; 
information gathered from livestock traders during the study described in Chapter Five; 
and expert opinion from various sources. Probability distributions were used to model 
these parameters, thus capturing the variability or uncertainty that exists for each 
parameter.  
The risk assessment model and probability distributions were generated using the software 
package, „Poptools‟ version 3.2 (Hood, 2010) as an add-in to Microsoft Excel, 2010. 
Sensitivity analysis was conducted using data tables from the „What-if‟ analysis in 
Microsoft Excel, 2010 and the regression component of Microsoft Excel, 2010 data 
analysis tools. 
Pert distributions were used to model a number of parameters where expert opinions were 
obtained or where available data could be used to estimate the minimum, most likely and 
maximum values of a parameter. Throughout the model, Pert distributions used the 
standard weighting of four, meaning that the mean is four times more sensitive to the most 
likely value than it is to the minimum and maximum values (Murray, 2004). It was decided 
to use this standard weighting of four as insufficient information was available to set a 
modified weighting on the data sets available. 
Uniform distributions were also used within the model. This distribution type was used 
where only a range of possible values were known (i.e. minimum and maximum values). 
The Uniform distribution assumes that all values within the range have an equal 
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probability of occurrence (Murray, 2004). This is usually an over-simplification of the real 
situation but can be useful where data are limited.  
6.3.2 Data Analysis 
6.3.2.1 Measuring the risk of FMD incursions into the MTM Zone 
In order to simulate the risk of FMD incursions into the MTM Zone, the model was run for 
5,000 iterations and the probability that an animal entering the MTM Zone is infected with 
FMD (Pzz) and the probability that at least one FMD infected animal enters the MTM 
Zone each week (Piz) were measured. A mean (95% CI) and maximum risk were 
calculated. This value gives a measure of the risk of incursion of FMD through live animal 
movement into the MTM Zone, according to the model. 
6.3.2.2 Identifying the major contributors to the risk of FMD incursion to the MTM 
Zone 
In order to identify the major contributors to the risk of FMD entry into the MTM Zone, a 
sensitivity analysis was conducted in which the sensitivity of the model to changes in 
various parameters was measured. Those parameters to which the model was most 
sensitive, i.e. those which were most highly correlated with the output risk (Pzz), were 
identified as critical points in the pathway which represent potential targets for risk 
mitigation measures. 
For the sensitivity analysis, data-tables were constructed using the “What-If” analysis in 
Microsoft Excel 2010 to simulate the impact on the dependent variable (Pzz), when 
changing the value of different independent variables. A simple regression analysis was 
then conducted to explore the relationship between the independent variable being tested 
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and the dependent variable. A Pearson‟s correlation coefficient (PCC) and a p-value for 
significance were calculated from each data-table to show: whether the relationship 
between the input variable and the output variable was significant or not; the strength of 
the relationship; and whether that relationship was positive or negative. 
Given the stochastic nature of the model, it was necessary to run a number of iterations for 
each of the parameters being tested in the sensitivity analysis. Data tables for each of the 
parameters being tested were generated for 1,000 iterations of the model, and regression 
applied to the results of each table. A variable was considered to have a significant 
relationship where the 95% Confidence Interval (CI) of the PCC correlation coefficient 
values for all 1,000 iterations did not include the value zero and where the 95% CI of the 
p-value was less than 0.05. 
Where the model was highly sensitive to certain input variables, a second round of 
analyses were conducted in which these parameters were fixed such that the sensitivity of 
the model to other variables could be assessed, for which the relationship with the output 
variable may have been masked by variation in the highly influential parameters. 
6.3.3 Hazard 
Foot and mouth disease virus is the hazard considered in this risk assessment. This virus is 
highly contagious and is often spread through movement of live infected animals (Fevre et 
al., 2006) and is endemic in areas of Thailand and Myanmar which supply livestock to the 
MTM Zone (OIE SEACFMD, 2010). Extensive influx of livestock from FMD endemic 
areas into the MTM Zone makes this area highly vulnerable to incursions of FMD.  
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6.3.4 Hosts 
All domestic cloven hoofed livestock and many wildlife species are susceptible to FMD 
(Davies, 2002). The major species of significance to the MTM Zone are: cattle, buffalo, 
sheep, goats and pigs. However, this risk assessment will consider only the movement of 
live cattle and buffalo given that the volume of trade movement into the MTM Zone is 
greatest for these species and that the movement pathways described in Chapter Five were 
based on movement of cattle and buffalo. For simplicity, cattle and buffalo will be referred 
to collectively as cattle throughout this risk assessment. 
Major host factors taken into account in the risk assessment model were: potential for sub-
clinical infection in cattle and the high susceptibility of naïve cattle to FMD infection, 
following contact with FMD infected cattle (Kitching, 2002). Sub-clinical infection of 
cattle with FMD can occur where there is a level of background immunity following either 
natural infection or vaccination (Kitching, 2002). Sub-clinically infected animals represent 
an important risk in that they may pass through import control areas undetected where 
regulations are based largely on observation of clinical signs. 
Events in the UK and the Netherlands in 2001 have demonstrated the importance of sub-
clinically infected animals in the spread of FMD over considerable distances (Sutmoller 
and Casas-Olascoaga, 2002). Carrier animals (those from which virus can be isolated 
beyond 28 days post infection) (OIE, 2010a) have been implicated as the source of 
previous outbreaks of FMD, but historical evidence, field observations and experimental 
results indicate that transmission of FMD by carrier cattle is a rare event (Sutmoller and 
Casas-Olascoaga, 2002). Therefore, special consideration will not be given to carrier 
animals in this study. 
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6.3.5 Risk Scenario Trees 
Risk scenario trees were developed and used as a framework for the risk assessment 
model. The scenario trees reflect the movement pathways of livestock from a source in 
Central Myanmar, through the non-MTM regions of Thailand (via livestock traders and/or 
live animal markets), and into the MTM Zone of Thailand. Given that movement of 
livestock between the MTM Zone of Myanmar and the MTM Zone of Thailand is minimal 
(Banks, 2004; Wongsathapornchai et al., 2008a) this risk assessment only included the 
movement of cattle into the MTM Zone within Thailand. 
The risk assessment model is made up of four component pathways (steps one to four): 
Step one represents movement of cattle from Central Myanmar to Northern and Central 
Thailand through both official and unofficial pathways (Figure 6.1a); Step two represents 
the movement of cattle through a livestock market in northern Thailand (Figure 6.1b); Step 
three represents movement of cattle through a livestock market in central Thailand (Figure 
6.1c); and Step four represents movement of cattle into the MTM Zone of Thailand 
(Regions Eight and Nine) via the MTM Zone border within Thailand (Figure 6.1d). The 
four components are linked by livestock movements between them.  
The livestock markets represented in the model are based on two large markets identified 
in the non-MTM zones of Thailand which lie within a major livestock trade pathway 
between Central Myanmar and the MTM Zone of Thailand. The sanitary measures and the 
volume of livestock moving through the markets in the model are thus based on 
information obtained from the owners of these specific markets. 
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The following scenario trees incorporate the relevant import-export procedures at the 
Myanmar-Thailand border and at the MTM Zone border within Thailand. Details of these 
procedures were sourced from the Veterinary Authority of each country. Further 
information on the domestic movement pathways and unofficial livestock movement was 
taken from field studies of traders and other stakeholders directly involved with livestock 
trade and from expert opinion provided by stakeholders and veterinary officers. 
 
Figure 6.1a: Scenario tree of step one: importation of live animals from Central Myanmar to northern areas of Thailand 
(Y = Yes, N = No). 
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Figure 6.1b: Scenario tree of step two: Movement of live animals through Market One (Y = Yes, N = No). 
 
Figure 6.1c: Scenario tree of step three: movement of live animals through Market Two (Y = Yes, N = No). 
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Figure 6.1d: Scenario tree of step four: entry of livestock into the MTM Zone. 
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6.3.6 Model Parameters 
Data for each of the model parameters requiring input were obtained from: the literature; 
field studies; expert opinion; and official records of livestock movements. The following 
tables (6.1a-f) provide details of the parameters included in the model and how different 
parameters are related to each other. A more detailed description of those parameters for 
which data input was required is provided in Section 6.3.7. 
Step 1: Movement of Livestock from Myanmar to Thailand 
Parameter Parameter Description Distribution/Formula 
Pm Prevalence of FMD in Central Myanmar See Table 6.1d 
N 
Total  number of animals imported from Myanmar to Thailand 
per week Uni form(11912, 14890) 
Vw 
Average weekly va lue of official livestock imports (Myanmar) 
2007-2010 (Thai Baht) 
Pert(min value imports, mean, 
max) 
Av Value per animal Uni form(7000,10000) 
No Number of animals imported officially per week No = Vw/Av 
Po  Probability animals enter Thailand officially Po = No/N 
Nu Number of animals imported unofficially per week Nu = N – No 
Pu  Probability animal imported unofficially Pu = 1 – Po 
Pui Probability animal i s imported unofficially and is infected Pui = Pm x Pu 
Poe Probability animal for official import i s infected and accepted Poe = Pm x Po x Pncs 
Por Probability animal for official import i s infected and rejected Por = Pm x Po x Pcs 
Nao Number of infected animals accepted through official imports Nao = Poe x N 
Nri Number of infected animals rejected through official imports Nri = Por x N 
Pi Prevalence in officially imported group Pi = Nao / (No - Nri) 
Pcs 
Probability an infected animal will show clinical signs during 
quarantine Pert(0,0.7,1) 
Pncs 
Probability an infected animal will not show clinical signs during 
quarantine Pncs = 1 – Pcs 
Pt 
Probability an animal imported into Thailand is infected 
(prevalence in imported group) 
Pt = (((No - Nri) x Pi) + (Nu x Pm)) / 
((No - Nri) + Nu) 
Nth Number of infected animals imported into Thailand each week Nth = Pt x N 
Table 6.1a: Parameters for step one of the risk simulation model. Shaded rows contain variables requiring input. 
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Step 2: Movement of Livestock through Market One 
Param
eter Parameter Description Distribution/Formula 
Mn Number of animals presented at market One Mn = Uniform(800,1000) 
Ptt Prevalence in non-MTM area of Thailand See table 6.1f 
Pmi Probability animal brought to market 1 i s recently imported  Point estimate (market owner) 
Pmio  - imported officially Pmio = Pmi x Po 
Pmiu  - imported unofficially Pmiu = Pmi x Pu 
Pmb Probability animal brought to market 1 i s locally sourced Pmb = 1 – Pmi 
Nls Number of animals presented at market 1 which are locally sourced Nls = Mn x Pmb 
Nui 
Number of animals presented at market 1 which were recently 
unofficially imported Nui = Mn x Pmiu 
Noi 
Number of animals presented at market 1 which were recently 
officially imported Noi = Mn x Pmio 
Pmoa Probability an animal presented to market 1 i s infected 
Pmoa = ((Nls x Ptt) + (Nui x Pm ) + 
(Noi x Pi)) / (Nls + Nui + Noi) 
Pmar 
Probability an animal presented to market 1 i s infected and 
permitted entry Pmar = Pmoa x Pncs 
Pmr 
Probability an animal presented to market 1 i s infected and denied 
entry Pmr = Pmoa x Pcs 
Pmsus Probability an animal brought to market 1 i s susceptible 
Pmsus = ((Nls x Pls) + (Nui x Pus) + 
(Noi x Pqs)) / (Nls + Nui + Noi) 
Nim Number of infected animals accepted into the market Nim = Mn x Pmar 
Nsus Number of susceptible animals accepted into the market Nsus = Mn x Pmsus 
Nmi Number of immune animals accepted into the market Nmi = Mn x Poi 
Nmr Number of animals rejected  Nmr = Mn x Pmr 
Ppm Prevalence of FMD infection in animals which enter the market Ppm = Nim / (Mn - Nmr) 
Pc 
Probability an animal contacts at least one other animal within the 
market Pert(0.95,0.99,1) 
Posus Probability officially imported animal is not infected  Posus = 1 – Pi 
Pvac Probability vaccination in quarantine confers immunity Pert(0,0.9,1) 
Pil 
Probability officially imported animal is immune following 
quarantine Pil = Posus x Pvac 
Pqs 
Probability officially imported animal is susceptible following 
quarantine Pqs = 1 - (Pil + Pi) 
Poi Probability an animal is officially imported and immune Poi = Pmio x Pil 
Pus Probability an animal is susceptible when imported unofficially Pus = 1 – Pm 
Pls Probability an animal is susceptible when locally sourced Pls = 1 – Ptt 
Pii 
Probability that an infected animal is accepted into the market and 
contacts a  susceptible animal Pii = Pmar x Pc x (Nsus/(Mn-Nmr)) 
Nii 
Number of infected animals that enter the market and contact at 
least one susceptible animal Nii = Pi i  x Mn 
Pmin Minimum prevalence (with exposure) 
Pmin = (Nim + (0.01 x Nsus) / (Mn - 
Nmr) 
Pml Most l ikely prevalence (with exposure) 
Pml = (Nim + (0.2 x Nsus)) / (Mn - 
Nmr) 
Pmax Maximum prevalence (with exposure) Pmax = (Nim + Nsus) / (Mn- Nmr) 
Pex Prevalence (with exposure) Pert(Pmin, Pml, Pmax) 
Pnex Prevalence (without exposure) Pnex = Nim / (Mn - Nmr) 
Pma Prevalence in market 1 Pma = IF(Nii<0.5, Pnex, Pex) 
Ni Number of animals infected at the end of market 1 Ni = Pma x (Mn - Nmr) 
Table 6.1b: Parameters for step two of the risk simulation model. Shaded rows contain variables requiring input. 
 191 
 
Step 3: Movement of Livestock through Market Two 
Parameter Parameter Description Distribution/Formula 
Mmn Number of animals at market Two Uni form(1000,1300) 
Mtn Number of animals coming from Market One Mtn = (Mn - Nmr) x 0.2 x 0.8 
Nla Number of animals coming from local area Nla = Mmn – Mtn 
Ptm Probability animal comes from Market One Ptm = Mtn / Mmn 
Ptl Probability animal comes from local area Ptl = 1 – Ptm 
Paml Probability animal presented at the market is infected 
Paml = ((Mtn x Pma) + (Nla x 
Ptt)) / Mmn 
Ppi Probability animal i s infected and accepted into market Ppi = Paml x Pncs 
Ppr Probability animal i s infected and denied entry to the market Ppr = Paml x Pcs 
Pmii Probability animal from Market One is immune Pmii = Nmi / (Mn - Nmr)  
Pps Probability animal from Market One is susceptible Pps = Nsus / (Mn - Nmr) 
Plsus Probability locally sourced animal is susceptible Plsus = 1 – Ptt 
Pes Probability animal presented at the market is susceptible 
Pes = ((Mtn x Pps) + (Nla x 
Plsus)) / Mmn 
Pei Probability animal presented at the market is immune Pei = Ptm x Pmii 
Nam Number of infected animals accepted into the market Nam = Ppi x Mmn 
Nrm Number of infected animals denied entry into the market Nrm = Ppr x Mmn 
Nsm Number of susceptible animals accepted into the market Nsm = Pes x Mmn 
Nsi Number of immune animals accepted into the market Nsi = Pei x Mmn 
Pic 
Probability that an infected animal is accepted into the market and 
contacts a  susceptible animal 
Pic = Ppi x Pc x (Nsm / (Mmn-
Nrm)) 
Nmii 
Number of infected animals entering the market and infecting at 
least one susceptible animal in the market Nmii = Pic x Mmn 
Px Minimum prevalence (with exposure) 
Px = (Nam + (0.01 x Nsm)) / 
(Mmn - Nrm) 
Py Most l ikely prevalence (with exposure) 
Py = (Nam + (0.1 x Nsm)) / 
(Mmn - Nrm) 
Pv Maximum prevalence (with exposure) 
Pv = (Nam + Nsm) / (Mmn - 
Nrm) 
Pex Prevalence (with exposure) Pert(Pmin, Pml, Pmax) 
Pnex Prevalence (without exposure) Pnex = Nam / (Mmn - Nrm) 
Pmam Prevalence in Market Two 
Pmam = i f (Nmii<0.5, Pnex, 
Pex) 
Table 6.1c: Parameters for step three of the risk simulation model. Shaded rows contain variables requiring input. 
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Step 4 : Entry of animals  to the MTM Zone  
Parameter Parameter Description Distribution/Formula 
Mnz Number of animals officially imported into the MTM zone each week Uni form(1650,3300) 
Miz Total  number of animals imported into the MTM Zone each week Miz = Mnz / Pzo 
Nzu 
Number of animals unofficially imported into the MTM Zone each 
week Nzu = Miz – Mnz 
Pzm Probability an animal comes from Market Two Pzm = (0.3 x Mmn)/Miz 
Pzl Probability an animal comes from other area  Pzl = 1 – Pzm 
Npi Number of animals from Market Two presented for import Npi = Miz x Pzm 
Npo Number of animals from other areas presented for import Npo = Pzl x Miz 
Pz Prevalence in animals presented at the MTM Zone 
Pz = ((Npi x Pmam) + (Npo 
x Ptt))/(Npi + Npo) 
Pzi 
Probability an animal is officially imported, infected and accepted into 
the MTM Zone Pzi = Pz x Pzo x Pncs 
Pzr 
Probability an animal is officially imported, infected and rejected for 
import Pzr = Pz x Pzo x Pcs 
Nzi 
Number of animals moved officially, infected and accepted into the 
MTM Zone Nzi = Pzi x Miz 
Nzr Number of animals moved officially, infected and rejected for import Nzr = Pzr x Miz 
Pb Prevalence in officially imported group Pb =  Nzi / (Mnz - Nzr) 
Pzz Probability animal entering the MTM Zone is infected 
Pzz = (((Mnz - Nzr) x Pb) + 
(Nzu x Pz)) / (Miz - Nzr) 
Pzo Probability animals enter the MTM Zone officially Pzo = 1 – Pzu 
Pzu Probability animals enter the MTM Zone unofficially Pert (0.1, 0.2, 0.6) 
Piz 
Probability at least one infected animal enters the MTM Zone each 
week 
Piz = 1 - (1- Pzz)^(Miz - 
Nzr) 
Table 6.1d: Parameters for step four of the risk simulation model. Shaded rows contain variables requiring input. 
Myanmar Prevalence  
Parameter Parameter description distribution/Formula 
Ny Number of outbreaks reported per year Pert(1, 9, 24) 
Pnr Probability outbreak is not reported Pert(0.5, 0.6, 0.8) 
Pr Probability outbreak is reported Pr = 1 – Pnr 
Nno Expected number outbreaks per week Nno = (Ny / Pr) / (365 / 7) 
Nv Number of villages affected per outbreak  Pert(5, 15, 40) 
Nvc Number of animals (cattle and buffalo) per vi llage Pert(280, 500, 5000) 
Pvc Proportion of animals infected per infected village  Pert(0.2, 0.5, 0.9) 
Npc Number of animals infected per vi llage Npc = Nvc x Pvc 
Nc Number of animals infected per week Nc = Nno(Nv x Npc) 
Mp Population of cattle in Central Myanmar Point estimate 
Pm Weekly prevalence (active i nfection) in Central Myanmar Pm = Nc / Mp 
Table 6.1e: Parameters for the risk simulation model used to estimate prevalence of FMD in Myanmar. Shaded rows 
contain variables requiring input. 
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Parameter Parameter description Distribution/Formula 
tNy Number of outbreaks (type A in non-MTM Zone) per year Pert(6, 53, 230) 
tNo Number of outbreaks per week tNo = tNy / (365 / 7) 
tNv Number of villages affected per outbreak  Pert(5, 15, 40) 
tNvc Number of animals (cattle) per vi llage Pert(143, 590, 2054) 
tPvc Proportion of animals infected per infected village  Uni form(0.028, 0.509) 
tPc Number of animals infected per vi llage tPc = tNvc x tPvc 
tNc Number of animals infected per week tNc = tNo (tNv x tPc) 
tNm Population of cattle in non-MTM zone of Thailand Point estimate 
Pta 
Weekly prevalence (active infection) of serotype A in non-
MTM Zone of Thailand Pta = tNc / tNm 
Nth 
Number of infected animals imported into Thailand from 
Myanmar per week Nth = (Pt x N) 
Pkn Probability outbreak in Thailand is serotype A Pkn = Pert(0.16, 0.45, 0.92) 
Ptt Weekly Prevalence of FMD in non-MTM Zone of Thailand 
Ptt = ((1 - Pkn) x Pm) + (Pkn x 
Pta) 
Table 6.1f: Parameters for the risk simulation model used to estimate prevalence of FMD in Thailand. Shaded rows 
contain variables requiring input. 
6.3.7 Parameter Descriptions 
This section includes a description of each of the parameters for which external data were 
required to furnish that parameter. The information provided here includes the source of 
data used, the reason for selecting that data and any assumptions made in developing the 
parameter. 
6.3.7.1 Number of outbreaks reported in Central Myanmar per year (Ny) 
Ny = Pert(1,9,24) 
As there are no accurate data for the prevalence of active FMD infection in Central 
Myanmar, a number of indirect measures were used to estimate this parameter. Each of the 
component parameters used to estimate prevalence of FMD in Central Myanmar are 
described here and in Sections 6.3.7.2 to 6.3.7.6. 
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Although measures of serological prevalence are available from studies in Central 
Myanmar (Naing Oo, 2010), a seropositive result only indicates previous exposure to FMD 
virus and does not necessarily imply active infection, given that NSP antibodies (as 
detected by serological tests) can persist for long periods following infection (Silberstein et 
al., 1997). The prevalence measure of interest for this study was the prevalence of actively 
infected animals, i.e. the number of cattle with active infection divided by the total cattle 
population in a specific area. 
Information on the prevalence of FMD in Central Myanmar is scant due to under-reporting 
of outbreaks and limited investigation of those outbreaks. Therefore, expert opinion was 
sought to estimate a number of parameters which were then combined to give a measure of 
the prevalence in Central Myanmar. 
The parameter Ny was modelled using Pert(1,9,24) which represents the minimum, mean 
and maximum number of outbreaks reported to the OIE SEACFMD reporting system per 
year in Central Myanmar (Mandalay, Magwe, Sagaing and Bago Divisions) from 2000 to 
2009 (OIE SEACFMD, 2010). 
6.3.7.2 Probability that an outbreak which occurs in Central Myanmar is not 
reported (Pnr) 
Pnr = Pert(0.5, 0.6, 0.8) 
The Pert distribution representing Pnr was based on expert opinion provided by a 
researcher of FMD in Central Myanmar (personal communication, Kyaw Naing Oo, 2010) 
who had discussed the level of reporting of FMD outbreaks with farmers and livestock 
keepers in Central Myanmar. Expert opinion estimated that between 50% and 80% of 
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outbreaks which occur in Central Myanmar are not reported, with 60% unreported being 
the most likely.  
6.3.7.3 Number of villages affected per outbreak of FMD in Central Myanmar (Nv) 
Nv = Pert(5, 15, 40) 
The parameter, Nv is modelled by Pert(5,15,40) which was furnished from expert opinion 
to determine the minimum, most-likely and maximum number of villages affected during 
an outbreak of FMD in Central Myanmar. These figures were derived from experience of 
outbreaks of FMD in the Sagaing Division of Central Myanmar (personal communication, 
Kyaw Naing Oo, 2010). Therefore, the use of this data is based on the assumption that the 
extent of outbreaks in the Sagaing Division of Central Myanmar is representative of 
outbreaks throughout Central Myanmar. 
6.3.7.4 Number of animals (cattle and buffalo) per village (Nvc) 
Nvc = Pert(280, 500, 5000) 
Nvc was estimated from a study conducted in 17 villages of Sagaing Division (Naing Oo, 
2010) in which the cattle and buffalo populations for each village were recorded. The 
livestock populations documented in that study were used to furnish this parameter by 
using the lowest population as the minimum value, the greatest population as the 
maximum value and the mean population of cattle per village for the most-likely value in 
the Pert distribution. The parameter was thus modelled as: Pert(280,500,5000). This 
assumes that the cattle populations of the 17 villages included in the study are 
representative of village cattle populations throughout Central Myanmar. This assumption 
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is considered reasonable given that the three divisions in Central Myanmar have relatively 
similar livestock demographics.  
6.3.7.5 Proportion of animals infected per infected village (Pvc) 
Pvc = Pert(0.2, 0.5, 0.9) 
A Pert distribution was used to model the proportion of livestock infected in each infected 
village. The parameter was furnished using expert opinion to estimate the minimum, most 
likely and maximum proportion of livestock affected in a village where FMD occurs 
(personal communication, Kyaw Naing Oo, 2010). Again, these estimates were based on 
experience of FMD outbreaks in the Sagaing Division and the assumption that this is 
representative of the attack rates throughout Central Myanmar. Expert opinion was used to 
furnish this parameter as there is very little data pertaining to FMD outbreaks in Myanmar 
given that very few outbreaks are investigated. 
6.3.7.6 Population of cattle in Central Myanmar (Mp) 
Mp = Point estimate 
The population of cattle in Central Myanmar (8,269,034) was obtained from population 
data published by the LBVD, Myanmar (Livestock Breeding and Veterinary Department, 
2008).  
6.3.7.7 Number of outbreaks of Serotype A in the non-MTM Zone of Thailand per 
year (tNy) 
tNy = Pert(6, 53, 230) 
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The parameter tNy was modelled as Pert(6,53,230) which represents the minimum, mean 
and maximum annual number of outbreaks of serotype A in the non-MTM area of 
Thailand from 2000 to 2009 as reported through the OIE SEAFMD monthly reporting 
system (OIE SEACFMD, 2010). The outbreak reports submitted through this system 
include the number of outbreaks caused by serotype O, the number caused by serotype A 
and the number of outbreaks for which serotype information is unavailable. Given that 
only serotypes O and A are reported in Thailand on a regular basis (OIE SEACFMD, 
2010), all outbreaks are assumed to be caused by these two serotypes. In order to estimate 
the total number of serotype A outbreaks per year, the proportion of typed outbreaks 
caused by serotype A was calculated, and then the total number of outbreaks (including 
non-typed outbreaks) was multiplied by this proportion for each of the years 2000-2009. 
The serotype A outbreak numbers for the years with minimum, mean and maximum 
number of outbreaks over the ten year period were used to furnish the Pert distribution.  
6.3.7.8 Number of villages affected per outbreak in Thailand (tNv) 
tNv = Pert(5, 15, 40) 
The parameter, tNv was modelled as Pert(5,15,40) which was derived from expert opinion 
collected in Myanmar (personal communication, Kyaw Naing Oo, 2010), about Myanmar 
outbreaks. While the number of villages affected is likely to vary between Myanmar and 
Thailand, and may indeed be considerably lower in Thailand due to greater control efforts, 
no such estimate is available for Thailand and therefore, extrapolating from Myanmar data 
provided the best available information. 
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6.3.7.9 Number of animals affected per village in Thailand (tNvc) 
tNvc = Pert(143, 590, 2054) 
The parameter, tNvc was modelled by Pert(143,590,2054). These figures are taken from a 
paper by Cleland et al. (1995), in which 11 outbreaks of FMD were investigated in 
northern Thailand. For each of the villages involved in the study, the livestock populations 
were recorded. The minimum, most likely and maximum village population of cattle and 
buffalo was thus taken as the minimum, mean and maximum populations from this sample 
of villages. It is assumed that the villages included in this study are representative, in terms 
of livestock populations, of all villages in the non-MTM area of Thailand.  
6.3.7.10 Proportion of animals infected per infected village in Thailand (tPvc) 
tPvc = Uniform (0.028, 0.5) 
The parameter, tPvc was modelled using a Uniform distribution: Uniform (0.028, 0.50) 
which was derived also from the study of Cleland et al. (1995) in which the attack rates of 
FMD in affected villages were said to be between 2.8% and 50%. As only minimum and a 
maximum values were available, a uniform distribution was used. 
6.3.7.11 Population of cattle in the non-MTM Zone of Thailand (tNm) 
tNm = Point estimate 
The parameter tNm was estimated from population figures provided by the DLD 
(Department of Livestock Development, 2007b) and was available only as a point 
estimate.  
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6.3.7.12 Total number of animals imported from Myanmar to Thailand each week 
(N) 
N = Uniform(11912,14890) 
Exportation of cattle from Myanmar to Thailand is not officially recognized by the 
Myanmar authorities. However, importation of cattle into Thailand, from Myanmar, is 
recognized on the Thai side of the border and importation procedures have been 
established to handle these animals accordingly. Animals imported into Thailand are 
required to pass through quarantine stations in the border area and undergo: vaccination for 
FMD; clinical examination; and a 21 day quarantine period (personal communication, 
Wacherapon Chottyaputta, 2009). While the officially imported animals are recorded as 
entering Thailand, it is not clear how many livestock circumvent these controls and enter 
unofficially. Therefore, no data are available for the total volume of cattle exported from 
Myanmar or for the volume of cattle unofficially imported into Thailand. For the purposes 
of this study, the total volume of livestock entering Thailand each week was estimated 
based on the number of cattle entering officially and the percentage of the total imports 
which this group represents.  
It was assumed that Regions One to Seven (non-MTM areas) of Thailand produce 
sufficient cattle to meet demands for consumption within those areas and that there is no 
net influx or efflux of livestock into or out of these areas, respectively. Therefore, it is 
assumed that the number of cattle entering the non-MTM area of Thailand is 
approximately equal to the number of cattle leaving. The main pathways of livestock 
movement out of Thailand (non-MTM area) are into: the MTM Zone of Thailand and 
Malaysia; Lao PDR; and Cambodia (Cocks et al., 2009). The sum of the number of cattle 
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moving out of Thailand by each of these routes was thus assumed to be equal to the 
number of cattle entering Thailand from Myanmar. In Table 6.2 the estimated quantities of 
livestock exiting non-MTM areas of Thailand and the source of those values are shown. 
Exporting 
country/area 
Importing 
region/country 
Monthly volume of 
livestock exported 
Weekly 
volume of 
livestock 
exported 
Source of data 
Northern/Central 
Thailand 
MTM Zone of Thailand 
(including Malaysia) 
15,120 3,489 Chotyaputta, 2008 
Thailand Lao PDR (import and 
transit to Vietnam) 
23,997 5,538 Cocks et al., 2009; ACIAR 
Project AH/2006/025, 2009 
Thailand Cambodia (import and 
transit to Vietnam) 
12,500 2,885 ACIAR Project 
AH/2006/025, 2009; 
personal communication 
Socheat Sieng, 2010 
Total  51,617 11,912  
Table 6.2: Volume of livestock exported from Thailand and source of data for each pathway . 
The monthly figures shown in Table 6.2 were each divided by 4.33 to give an estimate of 
the weekly volume of livestock movement. The volume of livestock exported from 
Myanmar was modelled by a Uniform distribution given the limited data available and the 
high level of uncertainty (and variability) that exists for this parameter. The weekly 
number of livestock exported from Myanmar was estimated to be 11,912 head per week. 
This was taken as a minimum value, given that the estimate did not include some of the 
pathways of livestock movement, such as movement between Thailand and China (Cocks 
et al., 2009) and that some of the figures quoted in Table 6.2 were derived from official 
records which often under-estimated the true volume of livestock movement. The 
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maximum number of livestock exported from Myanmar to Thailand was modelled as 25% 
greater than the minimum number, to allow for the un-recorded movements which may 
occur. 
6.3.7.13 Average weekly value of animals imported from Myanmar to Thailand per 
week (Vw) 
Vw = Pert(min value of imports, mean value, maximum value) 
The annual live animal import values from Myanmar to Thailand were taken from Thai 
Customs Department (2010) and the average weekly value was calculated for the years 
2007 to 2010. The Pert distribution was then furnished with the minimum, mean and 
maximum weekly import value from 2007 to 2010 (Table 6.3). This was assumed to 
represent the total value of official imports of cattle and buffalo into Thailand from 
Myanmar per week. Therefore, this was used as a component of the calculation to estimate 
the number of animals officially imported into Thailand from Myanmar each week. 
Time Period Annual import 
value (THB) 
Monthly import value 
(THB) 
Weekly import value 
(THB) 
January to December, 2007 117,488,000 9,790,667 2,259,385 
January to December, 2008 134,070,860 11,172,572 2,578,286 
January to December, 2009 83,913,950 6,992,830 1,613,730 
January to July, 2010 66,760,192 9,537,170 2,200,885 
Minimum 1,613,730 
Most likely 2,163,071 
Maximum 2,578,286 
Table 6.3: Annual live animal import statistics for Thailand (Thai Customs Department, 2010). 
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6.3.7.14 Value per animal imported (Av) 
Av = Uniform (7000,10000) 
In order to estimate the number of head of cattle officially imported from Myanmar (No) 
from the value of imports (Vw), the price per head of cattle (Av) was estimated. This value 
was modelled using a Uniform distribution based on an estimate provided by a private 
quarantine station owner in Thailand who purchased cattle from Myanmar at a price of 
7,000 to 10,000 THB per head.  
This estimation assumed no fluctuation in Thai currency value and also assumed that all 
live animal imports from Myanmar to Thailand were cattle (the Thai Customs Department 
(2010) did not provide species specific rates). However, as cattle are believed to represent 
the vast majority of live animal imports into Thailand from Myanmar, this assumption 
would seem reasonable.  
6.3.7.15 Probability an infected animal will show clinical signs during quarantine 
(Pcs) 
Pcs = Pert(0, 0.7, 1) 
Pcs is the probability that an infected animal shows clinical signs of FMD while in 
quarantine and is therefore assumed to be detected as an infected animal and rejected from 
the consignment. Wongsathapornchai et al. (2008a) used expert opinions of Veterinary 
Officers in Thailand to estimate the probability that animals infected with FMD would be 
detected in quarantine. In their study, the probability that an infected animal shows clinical 
signs and is therefore detected during quarantine was modelled by Pert (0, 0.7, 1). These 
data are considered applicable to this model and were thus used for the parameter, Pcs. 
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6.3.7.16 Number of animals presented at Market One (Mn) 
Mn = Uniform(800, 1000) 
The data used to estimate the number of animals presented at Market One were provided 
by expert opinion obtained from the owner of Market One. The market owner stated that 
each week, 800 to 1,000 head of cattle and buffalo passed through the market. A Uniform 
distribution was considered most applicable to model the variation in market volume given 
that the market owner could only provide minimum and maximum numbers of livestock 
moving through the market.  
6.3.7.17 Probability that an animal brought to Market One is recently imported (Pmi) 
Pmi = Point estimate 
The parameter, Pmi is based on a point-estimate provided by the owner of Market One 
who stated that 75% of livestock entering the market each week moved directly from the 
Myanmar border area to the market. Therefore, the probability that any individual animal 
in the market came from the Myanmar border is 0.75. Within this group of recently 
imported animals, the ratio of officially and unofficially imported animals was assumed to 
be the same as the ratio of official and unofficial imports at the border.  
The market owner stated that 75% of livestock came directly from the Myanmar border 
while the remaining 25% were sourced from areas local to the market. Therefore, the 
probability that an animal at the market was sourced from the local area (Pmb) is 1-Pmi. 
This parameter is based on point estimates provided by the market owner. Although Pert 
distributions would have been more suitable to represent this data in a stochastic model, 
such information was not available from data collected in the field. 
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6.3.7.18 Probability an animal contacts at least one other animal within the market 
(Pc) 
Pc = Pert(0.95, 0.99, 1) 
The probability that an infected animal contacts another animal within the market depends 
upon: husbandry and sanitary practices in place; stocking density within the market and 
other factors which may affect the potential for animals to come into contact with one 
another. Of the markets observed in Thailand, none had quarantine facilities or isolation 
facilities for animals on arrival at the market. Therefore, it is assumed that contact between 
an infected (but undetected) animal and at least one other animal is almost inevitable on 
entry to a market. In fact, from the observations made in the field, most animals will have 
opportunity to contact a large number of other animals within the market. Therefore, the 
probability that an animal contacts at least one other animal at the market was modelled as 
Pert (0.95, 0.99, 1). 
6.3.7.19 Probability that vaccination in a quarantine facility confers immunity (Pvac) 
Pvac = Pert(0, 0.9, 1) 
The value of Pvac was estimated from the expected efficacy of vaccination of cattle at a 
quarantine station on entry to Thailand. No data were available on the efficacy of 
vaccination in quarantine stations in Thailand. Therefore, results from a post-vaccination 
serology study conducted in Vietnam were used to indirectly estimate the efficacy of 
vaccination in a Thai quarantine station (Morrissy, 2010). This study indicated that 90% of 
cattle vaccinated on a commercial farm sero-converted for FMD while cattle from non-
commercial farms showed a lower rate of sero-conversion. Given the controlled 
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environment and trained staff that would be expected at the quarantine stations in Thailand, 
the results from the commercial farm in Vietnam were considered to be more 
representative than the results from village systems. The vaccination efficacy in the 
quarantine station was thus modelled using a pert distribution with 90% as the most likely 
level of vaccine coverage and the minimum and maximum values set at extremes of zero 
and one, respectively.  
6.3.7.20 Number of animals at Market Two (Mmn) 
Mmn = Uniform(1000, 1300) 
The number of animals at Market Two was estimated by the owner of the market as 
between 1,000 and 1,300 animals per week. Therefore, a uniform distribution was used to 
model this parameter.  
6.3.7.21 Number of animals at Market Two which come from Market One (Mtn) 
Mtn = (Mn – Nmr) x 0.2 x 0.8 
Where Mn is the number of animals presented to Market One and Nmr is the number of 
animals rejected from Market One. The numerical values of 0.2 and 0.8 are based on 
estimates provided by the owner of Market One who stated that 20% of animals leaving 
Market One are bought by traders for re-sale and of these, 80% are taken to Market Two. 
Again, these are only point estimates and therefore do not account for any variation. 
However, this was the best available information and was therefore incorporated into the 
model. 
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6.3.7.22 Number of animals officially imported into the MTM Zone each week (Mnz) 
Mnz = Uniform(1650, 3300) 
From October 2008 to May 2009, 105,855 head of cattle are recorded to have moved into 
the MTM Zone (Chotyaputta, 2009). This gives an average weekly influx of approximately 
3,300 head of cattle and buffalo into the MTM Zone. As the period from October to May 
includes the months where the volume of animal movement is greatest (personal 
communication, livestock traders, 2008), 3,300 is likely to represent a higher weekly 
volume than at other times of the year. Therefore, the figure 3,300 was set as the maximum 
volume per week and half this figure, 1,650 was set as the minimum. Half the maximum 
figure was used for the minimum value based on the opinion of traders operating in the 
export of livestock to the MTM Zone of Malaysia and Thailand that the number of animals 
exported can decrease by 50% in the low season compared to the peak season.  
6.3.7.23 Probability animals enter the MTM Zone unofficially (Pzu) 
Pzu = Pert(0.1, 0.2, 0.6) 
By its nature, unofficial movement of livestock is poorly documented and often sensitive. 
There is no published data on the proportion of livestock unofficially entering the MTM 
Zone and expert opinion is difficult to elicit, given the sensitivity of this issue. Therefore, 
indirect measures were used to estimate the probability that animals enter the MTM Zone 
unofficially. In 2008, Naheed (2009a) described that 79,000 head of cattle officially 
entered Malaysia from Thailand, while 16,000 entered unofficially, making a total of 
95,000 head of cattle. In the same year, approximately 85,000 head of cattle officially 
moved into the MTM Zone of Thailand (Chottyaputta, 2009). The MTM Zone of Thailand 
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has a low cattle population and therefore does not have an excess of cattle to export to 
Malaysia, and is likely to require some importation (from other areas of Thailand) for 
consumption within the MTM Zone as well as for export to Malaysia. However, even if it 
is assumed that no cattle entering the MTM Zone are consumed within Thailand and all are 
moved to Malaysia, there is still a deficit of 10,000 head per year – which would likely be 
supplied by animals moving unofficially into the MTM Zone. Therefore, it was assumed 
that the minimum probability of livestock entering the Thai MTM Zone unofficially was 
0.105 (10,000/95,000). 
It is likely that some cattle are used within Thailand, thus meaning that a greater number is 
likely to have crossed unofficially into the MTM Zone in 2008 in order to meet the 
demands within both Thailand and Malaysia. Naheed (2009a) described that in 2008, 
approximately 20% of animals entering Malaysia moved through unofficial channels. As 
no such measures are available for Thailand, and given that many animals moved officially 
to Malaysia transit directly through the MTM Zone, whereas animals moved unofficially 
are likely to be sourced from within the MTM Zone (potentially following unofficial entry 
into the Zone), the most likely probability for unofficial movement into the MTM Zone 
was taken to be 0.2.  
The maximum probability that livestock entering the MTM Zone of Thailand do so 
unofficially is estimated again from Malaysian data. As described above, in 2008 only 20% 
of animals entering Malaysia moved unofficially. However, Naheed (2009a) described that 
prior to introduction of easier import procedures in 2008, approximately 60,000 head of 
cattle (approximately 60% of total imports in 2007) entered Malaysia unofficially. Given 
the high demand in Malaysia and the more extensive border, it is unlikely that the number 
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of unofficial movements into the Thai MTM Zone would exceed the volume moving 
unofficially into Malaysia. Therefore, it is assumed that a maximum probability that 
animals enter the MTM Zone of Thailand unofficially is 0.6. 
6.3.7.24 Market prevalence for Market One (Pma) and Market Two (Pmam) 
The final prevalence of FMD in Markets One and Two represents the risk that animals 
leaving the market will be infected with FMD. This is determined by the probability that 
infected animals enter the market and the probability that those infected animals contact, 
and infect, susceptible animals within the market.  
For Market One, where Nii (number of infected animals that enter the market and infect at 
least one susceptible animal) is zero, the prevalence of FMD at the market (Pma) is equal 
to the number of infected animals accepted into the market (Nim) divided by the total 
number of animals at the market, minus those which are rejected from the market (Mn - 
Nmr). Where Nii is greater than zero (i.e. exposure and infection of animals in the market 
has occurred), a Pert distribution was used to model the expected prevalence within the 
market. This assumes that any animal exposed and infected with FMD at the market would 
not become infectious during the market day, due to the latent period between infection 
and viral shedding (Radostits et al., 2000). Therefore, the prevalence in the market was 
calculated as the sum of animals infected at the start of the market (Nim) and the number of 
animals directly infected by those animals. No further transmission is assumed to occur 
within the market.  
Where Nii is greater than zero: the minimum prevalence (Pmin) was calculated as (Nim + 
(0.01 x Nsus))/(Mn – Nmr), which assumed that only 1% of the susceptible animals which 
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entered the market became infected. This very low rate of infection assumed that the 
infected animals entering the market were relatively isolated from other animals, but it was 
unlikely that less than 1% of the susceptible population would be contacted given the 
extensive mixing within these markets. 
 The maximum prevalence (Pmax) was calculated as (Nim + Nsus)/(Mn-Nmr) which 
assumed that all susceptible animals within the market became infected; while the most-
likely prevalence (Pml) was estimated based on observations made at livestock markets in 
Thailand. For Market One, it was assumed that infected animals introduced into the market 
may have contact with a fifth of the market population, given that large common holding 
areas are used, whereas infected animals introduced into Market Two may contact only one 
tenth of the market population given that small consignments of animals are penned 
together and have less contact with distant pens. Therefore, for Market One, Pml = (Nim + 
(0.2 x Nsus))/(Mn – Nmr) and for Market Two, Py (most likely prevalence with exposure) 
= (Nam + (0.1 x Nsm))/(Mmn – Nrm).  
The final prevalence at the market (Pma) is determined thus: 
Market One: if Nii = 0, Pma = Nim/(Mn –Nmr) and if Nii>0, Pma = Pert(Pmin, Pml, 
Pmax). 
Market Two: if Nmii = 0, Pmam = Nam/(Mmn – Nrm) and if Nmii>0, Pmam = Pert(Px, Py, 
Pv). 
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6.3.8 Model assumptions 
A number of assumptions were made when developing this model. Most of these 
assumptions are outlined under the individual parameter descriptions in Section 6.3.7. 
However, those which have not been previously discussed are outlined here. 
When modelling the prevalence of FMD in, it is assumed that all serotype A outbreaks 
originate from within Thailand whereas all serotype O outbreaks are introduced from 
Myanmar. This assumption would appear reasonable given that serotype O virus isolated 
from Myanmar and Thailand have shown high similarity (Hammond et al., 2009) and that 
livestock movement patterns identified would suggest this as a likely route of entry of 
serotype O virus. Serotype A, however appears to be predominantly maintained within 
Thailand (as described in Chapter Four) and occurs rarely in Myanmar.  
It was assumed that all animals moving into the MTM Zone do so through the pathways 
outlined in this risk assessment scenario; animals selected from Myanmar and non-MTM 
regions of Thailand for importation are from a homogenously mixing population and all 
have equal probability of being infected. It was also assumed that there were no 
preventative measures in place in Myanmar or Thailand (i.e. no vaccination of livestock 
against FMD) apart from that implemented in quarantine stations. This is considered a 
reasonable assumption for Myanmar given that the level of vaccination coverage is 
extremely low. However, in Thailand the level of vaccination is much greater and would 
likely impact on the spread of FMD. However, as the aim of this model was to identify key 
areas which contribute to the risk of FMD spread rather than to assess the current control 
measures, it was considered that including FMD vaccination rates would not be necessary 
to achieve the objectives of the study and would unnecessarily complicate the model. 
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6.4 Results 
6.4.1 Probability that an animal entering the MTM Zone is infected with FMD (Pzz) 
Five thousand iterations of the model yielded a mean probability of 0.002 (95% CI: 4.12 x 
10-5, 0.03) that an animal entering the MTM Zone is infected with FMD, with the 
maximum probability reaching 0.09. Therefore, there is a mean risk of 0.2% and a 
maximum risk of 9% that an animal entering the MTM Zone is infected with FMD. The 
results of the simulation are shown in Figure 6.2. 
 
Figure 6.2: A frequency distribution and ascending cumulative probability distribution for the probability that an animal 
entering the MTM Zone is infected with FMD (taken from 5,000 iterations of the model). 
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6.4.2 Probability that at least one infected animal enters the MTM Zone each week 
(Piz) 
Five thousand iterations of the model yielded a mean probability of 0.84 (95% CI: 0.21, 1) 
and a maximum probability of one, that at least one infected animal will enter the MTM 
Zone each week (Figure 6.3). These results indicate that although the probability is 
relatively low that an individual animal entering the MTM Zone is infected (Pzz), the large 
volume of animals entering the zone makes it highly likely that at least one infected animal 
will enter the MTM Zone each week (Piz).  
 
Figure 6.3: A frequency distribution and ascending cumulative probability distribution for the probability that at least one 
FMD infected animal enters the MTM Zone each week (taken from 5,000 iterations of the model). 
6.4.3 Sensitivity Analysis: Identifying the greatest contributors to the risk that an 
animal entering the MTM Zone is infected with FMD virus. 
The results of the sensitivity analysis are displayed in Table 6.4, which shows the mean 
PCC results, with 95% CI, following 1,000 iterations of the model. For those variables for 
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which the 95% CI of the PCC did not include zero, the P-value for the regression was 
calculated to determine whether the observed relationship was significant or not (i.e. the 
95% CI of the P-value was less than 0.05). A significant relationship with the output 
variable (Pzz) was observed for the parameters: Pnr, Nvc, Pvc, Pm, tNy, Pta, Pcs and Pc 
(see Table 6.4 and Figure 6.4).  
In terms of identifying the main contributors to the risk of FMD entering the MTM Zones, 
the prevalence of FMD in Myanmar (Pm) and the prevalence of FMD originating in 
Thailand (Pta) appear to be the main contributors (Ptt is not considered here as this is the 
product of parameters Pm and Pta and will therefore be directly influenced by changes in 
these parameters). Therefore, according to this model, reducing the prevalence of FMD in 
Myanmar or the non-MTM regions of Thailand would significantly reduce the risk of 
FMD incursions into the MTM Zone.  
The parameter Pcs also has a significant negative relationship with the risk of FMD 
entering the MTM Zone. This parameter occurs throughout the model as a point of control 
for identifying infected animals and thus preventing infected animals from continuing  
along the trade pathway. While it is not possible to manipulate the number of infected 
animals which display clinical signs, the strength of this relationship suggests that 
improving observation of animals at markets and in quarantine, or adding other screening 
tests to increase the sensitivity of detecting infected animals may significantly reduce the 
risk of FMD entering the MTM Zone. However, there is likely to be a trade-off between 
increasing observation and screening of livestock and encouraging traders to use official 
pathways, particularly where this would involve longer quarantine periods.  
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Parameter Parameter description  PCC (95% CI) P-Value (95% CI) 
Ny Number of outbreaks reported in Myanmar per 
year 
0.31 (0.13, 0.46) 0.02 (9.13 x 10-7, 0.24) 
Pnr Probability outbreak is not reported  0.35 (0.27, 0.42) 2.82 x 10
-10 
(1.14 x 10
-21
, 
6.12 x 10-9) 
Nv Number of villages affected per outbreak  0.23 (0.10, 0.34) 0.04 (8.03 x 10-6, 0.35) 
Nvc Cattle population per vi llage  0.29 (0.22, 0.36) 4.57 x 10-7 (2.34 x 10-15, 
4.77 x 10-6) 
Pvc Proportion of animals infected per infected village  0.20 (0.12, 0.27) 6.00 x 10-4 (3.68 x 10-10, 
0.01) 
Pm Prevalence (active infection) in Central Myanmar 0.79 (0.76, 0.82) 3.22 x 10
-97
 (1.00 x 10
-119
, 
1.16 x 10-96) 
tNy Number of outbreaks (type A in non-MTM Zone) 
per year 
0.23 (0.15, 0.31) 1.32 x 10-4 (1.65 x 10-12, 
0.002) 
tNv Number of villages affected per outbreak 0.26 (0.14, 0.38) 0.006 (3.06 x 10-7, 0.09) 
tNvc Number of animals (cattle) per vi llage 0.13 (0.04, 0.22) 0.09 (3.46 x 10-5, 0.74) 
tPvc Proportion of animals infected per infected village  0.17 (0.09, 0.25) 0.006 (2.06 X 10
-8
, 0.09) 
Pta Prevalence of FMD originating in Thailand 0.77 (0.74, 0.80) 2.37 x 10-89 (2.2 x 10-111, 
2.99 x 10-88) 
Pkn Probability an outbreak in Thailand is serotype A 
(originates within non-MTM Zone of Thailand) 
0.01 (-0.08, 0.10) 0.49 (0.02, 0.96) 
Po Probability animals enter Thailand officially from 
Myanmar 
-0.03 (-0.12, 0.05) 0.44 (0.003, 0.98) 
Pcs Probability an infected animal shows cl inical signs -0.40 (-0.46, -0.35) 1.32 x 10-16 (3.07 x 10-27, 
2.96 x 10-15) 
Pmi Probability an animal brought to Market One is 
recently imported 
0.02 (-0.07, 0.11) 0.49 (0.02, 0.97) 
Pc  Probability an animal contacts at least one other 
animal in the market 
0.15 (0.09, 0.21) 0.003 (1.07 x 10-6, 0.03) 
 215 
 
Parameter Parameter description  PCC (95% CI) P-Value (95% CI) 
Pvac Probability that vaccination conducted in 
quarantine confers immunity 
-0.002 (-0.09, 0.08) 0.54 (0.08, 0.98) 
Ptm Probability an animal brought to Market Two is 
from Market One 
0.0004 (-0.09, 0.09) 0.56 (0.01, 0.99) 
Pzm Probability an animal brought to MTM Zone is 
from Market Two 
0.15 (0.08, 0.21) 0.007 (8.16 x 10-7, 0.07) 
Pzu Probability animal i s imported into the MTM Zone 
unofficially 
-0.09 (-0.17, -0.03) 0.11 (7.99 x 10-5, 0.86) 
Table 6.4: Results of the sensitivity analysis of the risk simulation model showing PCC results and P-values. The PCC 
values in the table are correlation co-efficients. Therefore, the negative values are negative correlation co-efficient values 
and not negative probabilities. 
 
Figure 6.4: A tornado chart showing the mean correlation co-efficient values for the relationship between the listed input 
variables and the output variable, Pzz. 
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Given the sensitivity of the model to the parameters: Pm and Pta, the output risk of the 
model is highly influenced by variation in these parameters and otherwise significant 
relationships between other input variables and the output variable (Pzz) may be masked. 
Therefore, a second analysis was performed on the model with Pm and Pta fixed and all 
other parameters continued to be run stochastically. Pm and Pta were fixed by setting all of 
their constituent parameters at their „most likely‟ (where Pert distributions were used) or 
average (where Uniform distributions were used) values. The results of this analysis are 
provided in Table 6.5.  
Parameter Parameter description PCC (95% CI) P-value (95% CI) 
Po Probability an animal is imported into 
Thailand from Myanmar officially 
-0.001 (-0.09, 0.09) 0.53 (0.01, 0.97) 
Pcs Probability an infected animal shows 
cl inical signs 
-0.98 (-0.98, -0.97) 0 (0, 0) 
Pmi Probability an animal brought to 
Market One is recently imported 
-0.06 (-0.09, 0.08) 0.47 (0.02, 0.98) 
Pc  Probability an animal contacts at least 
one other animal in the market 
0.001 (-0.08, 0.09) 0.47 (0.02, 0.96) 
Pvac Probability that vaccination conducted 
in quarantine confers immunity 
0.003 (-0.09, 0.09) 0.50 (0.04, 0.99) 
Ptm Probability an animal brought to 
Market Two is from Market One 
-0.002 (-0.10, 0.09) 0.49 (0.04, 0.99) 
Pzm Probability an animal brought to the 
MTM Zone is from Market Two 
-0.53 (-0.59, -0.46) 6.28 x 10-27 (4.76 x 10-49, 3.7 x 10-28) 
Pzu Probability an animal is imported into 
the MTM Zone unofficially 
0.87 (0.85, 0.90) 3.1 x 10
-139
 (3.8 x 10
-176
, 1.8 x 10
-138
) 
Table 6.5: Results of the sensitivity analysis of the risk simulation model (with Pm and Pa fixed) showing PCC results 
and P-values. 
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Figure 6.5: A tornado chart showing the mean correlation co-efficient values for the relationship between the listed input 
variables and the output variable, Pzz. These results were taken from the model with Pm and Pta fixed at their most-
likely values. 
With Pm and Pta fixed, the parameters: Pcs, Pzm and Pzu were all significantly correlated 
with Pzz. Of these parameters, Pcs and Pzm were negatively correlated, while Pzu was 
positively correlated with Pzz (Figure 6.5).  
6.5 Conclusions 
In conclusion, the most important contributors to the risk of FMD incursions into the MTM 
Zone appear to be: Prevalence of FMD in Central Myanmar, Prevalence of FMD in non-
MTM area of Thailand, the probability that an infected animal does not show clinical signs 
(and is therefore not detected as infected), the probability that an animal is sourced from 
Thailand (rather than from market Two) and the probability that an animal enters the MTM 
Zone unofficially. All of these points could represent potential targets for intervention 
measures aimed at reducing the risk of FMD incursions into the MTM Zone.  
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The results of this study provide additional support for the importance of controlling FMD 
at its source in order to achieve control of FMD in the MTM Zone. As outlined in the 
recommendations from the tenth MTM Tri-State Commission meeting in Yangon, 
Myanmar (SEAFMD RCU, 2009) it was already considered likely that Central Myanmar 
would be a key target for controlling FMD in the MTM Zone based on existing knowledge 
of livestock movements in the region (Abila and Cocks, 2008) and from work previously 
conducted by Naing Oo (2010). However, this study provides high resolution detail of the 
movement pathways of livestock from Central Myanmar to the MTM Zone and therefore 
provides information on areas which may potentially be targeted in disease control, or risk 
mitigation measures and provides additional support to more general studies in livestock 
movement (Abila and Cocks, 2008). 
In addition to highlighting important steps in the risk pathway of livestock movement, this 
research also provides a quantitative estimate of the risk contributed by different steps in 
the pathway of livestock movement destined for the MTM Zone. Previous work by 
Wongsathapornchai et al. (2008b) highlighted the likely impact of reducing FMD 
prevalence in Thailand on the risk of FMD infected animals entering the MTM Zone, for 
which this study provides further support. However, the study of Wongsathapornchai et 
al., 2008b did not incorporate the role of Central Myanmar as a contributor to the risk of 
FMD entering the MTM Zone. Therefore, the current study extends further „upstream‟ in 
terms of livestock movement pathways than have previous studies in the region. 
One component of this study which hasn‟t previously been modelled for the MTM Zone is 
the contribution of unofficial movement of livestock to the risk of FMD incursions into the 
MTM Zone. Although widespread unofficial movement of livestock is known to occur in 
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South-East Asia (Gleeson, 2002) the impact of this on the risk of FMD virus entry into the 
MTM Zone has not previously been quantified and was not included in previous risk 
simulation models developed by Wongsathapornchai et al., 2008a. While unofficial 
movement is, by its nature, poorly documented and therefore difficult to quantify, 
inclusion of this factor into the risk model has demonstrated the importance of unofficial 
movement of livestock. 
The prevalence of FMD in Central Myanmar and Thailand may be directly targeted 
through increased disease control measures, whereas other critical points, such as the 
probability an animal does not show clinical signs (i.e. is not detected as infected) may be 
changed, for example, through improved screening of livestock moving through the trade 
pathway. However, as shown by the relationship between the probability of livestock 
entering the MTM Zone unofficially and the risk of FMD incursions, the trade-off between 
increased border controls and encouraging official movement of livestock is an important 
consideration. 
6.6 Discussion 
This model allows some estimation of the risk of FMD incursion into the MTM Zone 
through a specific pathway of livestock movement. It also highlights some of the main 
contributors to the risk of FMD incursions into the MTM Zone, which will be explored 
further as potential targets for intervention measures in the next chapter. However, the 
model is also useful for highlighting areas where more data are required to furnish the 
model and where research should be focused in the future. The component parameters of 
Pm and Pa in the model have a high level of uncertainty and the sensitivity analysis of the 
model indicates that the model is highly sensitive to changes in these parameters. The 
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uncertainty in estimating these parameters is due to, inter-alia: unknown level of disease 
reporting; limited investigation of outbreaks (including estimates of attack rates, extent of a 
single outbreak, sources of outbreaks); and minimal collection of samples and testing from 
outbreaks. Limited records of animal movements and the extent of unofficial animal 
movement have also limited the information available to furnish this model. Therefore, the 
model may be improved in the future if data becomes more readily available in these areas. 
While this model provides an estimate of the risk of FMD incursions into the MTM Zone, 
the level of uncertainty is such that there is a wide range of results for the risk output of the 
model. The model framework may, therefore be used as a basis for future development as 
more information becomes available and the uncertainty in the various input parameters 
may be reduced in order to obtain a more precise output from the model. 
The model uses average weekly estimates for each parameter and can therefore be used to 
determine an average weekly risk of FMD incursions. While the parameters in the model 
which may be affected by seasonal changes (such as volumes of livestock being moved 
and the number of livestock moving through unofficial channels) have seasonal variability 
built into them through the use of probability distributions, it is not possible to estimate 
high or low risk seasons of animal movement from this model. However, the basic 
framework of the model could be used to develop such a model by using data from 
different seasons and running the model separately for each different season and 
comparing the results.   
In the model, the parameter Pzm represents the probability that an animal entering the 
MTM Zone has been sourced from Market Two. In the results section of this study it was 
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shown that Pzm is negatively correlated with the risk that FMD infected animals enter the 
MTM Zone (Pzz). The negative correlation between Pzm and Pzz conflicts with evidence 
from previous literature demonstrating the important role of livestock markets in the 
spread of FMD (Yang, 1999; Gibbens et al., 2001). In contrast, the results of this study 
suggest that the use of livestock markets in Thailand is actually protective in terms of their 
impact on the risk of FMD entering the MTM Zone. There are two possible reasons for 
this: firstly, that the model reflects the true situation and that controls implemented in 
livestock markets actually results in a lower risk of FMD transmission than does trading 
outside a market, or secondly that the model has failed to capture the true risks involved in 
animals passing through markets in Thailand. The latter is considered more likely based on 
previous work in this area. A key point in the model which may have caused under-
estimation of the risk of livestock passing through markets and the impact of this on the 
risk of FMD entering the MTM Zone is failure to link prevalence in the market to general 
prevalence within Thailand. The current model fails to account for the infected animals 
which would leave an infected market and thus act as seeds for further outbreaks across the 
country. Given the strongly positive relationship between FMD prevalence in Thailand 
(Pta) and the risk of FMD entering the MTM Zone (Pzz), if the prevalence of FMD in 
Markets One and Two influenced the prevalence of FMD in Thailand, the output of the 
model would likely show markets to play a more important role than is indicated by the 
current model. Further field work, particularly looking at the role of livestock markets in 
disease spread would be useful in developing this area further. 
The results of this model indicate that the risk of an animal accepted into the MTM Zone 
being infected with FMD is much lower than the risk estimated by Wongsathapornchai et 
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al. (2008a) in a similar study. The risk estimated by the current study is lower despite 
inclusion of unofficial movement of livestock, whereas Wongsathapornchai et al. (2008a) 
included only official animal movements. Given the sensitivity of the model to the FMD 
prevalence in Central Myanmar and Thailand, the reason for this difference is likely caused 
by difference in the definition of an infected animal and therefore different prevalence 
measures used. The previous study by Wongsathapornchai et al. (2008a) estimated FMD 
prevalence from serological surveillance results, which included both actively infected 
animals and those previously exposed to virus which still had detectable levels of antibody. 
However, attempts were made in this study to include only those animals which were 
actively infected with FMD, and therefore represented a risk for FMD incursion into the 
zone. Therefore, the prevalence of infected animals, as defined in the current study, was 
lower than the prevalence as defined by Wongsathapornchai et al. (2008a).  
The probability that animals enter the MTM Zone unofficially (Pzu) was shown by this 
study to be significantly positively correlated with the risk that an FMD infected animal 
enters the MTM Zone. The importance of unofficial livestock movement will be 
considered further in the next chapter which aims to explore the impact of changing import 
procedures on the overall risk of FMD infected animals entering Thailand, taking into 
account the possible trade-off between increasing border controls and encouraging traders 
to use official entry routes. 
In the next chapter the impact of intervention measures targeted at the level of those points 
in the livestock trade pathway which have been identified as major contributors to the risk 
of FMD incursions into the MTM Zone are also considered. The main focus of this chapter 
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will be on addressing disease at source and will thus focus on reducing the risk of FMD 
infected animals entering Thailand from Myanmar. 
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7 Estimating the impact of intervention measures aimed at reducing the 
risk of FMD incursions from Central Myanmar to Thailand: 
Addressing disease at its source 
7.1 Background 
The results of Chapter Six demonstrate that the prevalence of FMD in Central Myanmar 
and in Thailand both have a significant impact on the risk of FMD infected animals 
entering the MTM Zone. The study described in this chapter will expand upon previous 
work to consider ways in which the risk of FMD incursions into the MTM Zone may be 
reduced through implementation of intervention measures at specific points in the risk 
pathway of livestock movement. The study will focus on one specific step within the risk 
pathway outlined in Chapter Six: the movement of live cattle and buffalo from Central 
Myanmar into Thailand. This step was selected as it represents the initial movement of 
livestock from their source in Central Myanmar, into Thailand. Once in Thailand, livestock 
appear to move in a southerly direction to the MTM Zone, as outlined earlier in the thesis, 
or in an easterly direction towards Lao PDR, Cambodia and Vietnam (ACIAR Project 
AH/2006/025, 2009; Cocks et al., 2009). Reducing the spread of FMD from Central 
Myanmar into Thailand could thus impact significantly on the FMD situation within the 
MTM Zone and throughout South-East Asia.   
Wongsathapornchai et al. (2008b) conducted a study to evaluate the impact of FMD 
infected cattle entering southern Thailand and the impact of various control measures on 
the annual cumulative incidence (ACI) of FMD within southern Thailand. Their study 
showed that introduction of FMD infected animals into the south from other regions of 
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Thailand was the single most important factor driving the annual incidence of FMD. This 
study will expand on these findings by considering points earlier in the livestock 
movement pathway, aiming to address disease at the source, in order to reduce the risk of 
FMD infected animals being introduced into the MTM Zone.  
The study conducted by Wongsathapornchai et al. (2008a) focused only on official 
pathways of livestock movement. In contrast, the current study views unofficial 
movements as an important contributor to the risk of FMD incursions into the MTM Zone 
(as described in Chapter Six) and will therefore aim to incorporate these into the analysis. 
Throughout mainland South-East Asia there is evidence of unofficial movements of 
livestock (Banks, 2004; Cocks et al., 2009; personal communication, Ben Madin, 2009) 
which often occur when official pathways are time consuming or costly for traders to use. 
Failure to include these in a risk assessment for FMD introductions is likely to neglect an 
important aspect of the risk pathway and underestimate the risk of FMD being introduced.  
7.2 Aims 
The main aim of this study was to model the impact of intervention measures targeted at 
specific points in the movement of livestock from Central Myanmar to Northern and 
Central Thailand on the risk of FMD incursions into Thailand. This study also considered 
the trade-off between increased sensitivity of import procedures in detecting FMD infected 
animals and the need to encourage traders to use official pathways of livestock movement. 
Given the limited data available to furnish models to assess the impact of control measures, 
this study will provide a general indication of where control measures may be targeted to 
greatest effect but will not incorporate the actual feasibility of implementing such control 
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measures. Therefore, this is intended as an initial study into intervening in the livestock 
movement pathway to reduce the risk of FMD entering the MTM Zone and as a guide for 
further research. 
7.3 Materials and Methods 
7.3.1 The Model 
 
Figure 7.1: A scenario tree showing movement of livestock from Central Myanmar into Thailand. 
A stochastic risk-based model was used to simulate the movement of livestock from 
Central Myanmar into Northern and Central Thailand to estimate the likelihood that FMD 
infected livestock will enter Thailand through this pathway of live animal movement. The 
data used to furnish the parameters were described in Chapter Six. The scenario tree of the 
model is shown in Figure 7.1 and the parameters which make up the model are described 
in Table 7.1. The model developed in Chapter Six was slightly modified for this study to 
allow for manipulation of input parameters in order to model intervention measures. In the 
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original model the parameters Pm and Pu were constructed from a number of component 
parameters. For simplicity, these were condensed into single input parameters by running 
the original model over 5,000 iterations and taking the minimum, mean and maximum 
values of those parameters to furnish Pert distributions for each. This process yielded the 
values Pert(0.97, 0.98, 0.99) for Pu and Pert(1.56 x 10-5, 6.60 x 10-4, 0.007) for Pm. These 
were then used to furnish the baseline model. 
Movement of Lifvestock from Central Myanmar to Thailand 
Parameter Parameter Description Distribution/Formula 
Pm Prevalence of FMD in Central Myanmar Pert(1.65 x10-5, 6.6 x 10-4, 0.007) 
N 
Total  number of animals imported from Myanmar 
to Thailand per week Uni form(11912, 14890) 
No Number of animals imported officially per week No= Po x Pm 
Po  Probability animals enter Thailand officially Po = 1 – Pu 
Nu Number of animals imported unofficially per week Nu = N – No 
Pu  Probability an animal is imported unofficially Pert(0.97, 0.98, 0.99) 
Pui 
Probability an animal is imported unofficially and 
is  infected Pui = Pm x Pu 
Poe 
Probability an animal for official import i s infected 
and accepted Poe = Pm x Po x Pncs 
Por 
Probability an animal for official import i s infected 
and rejected Por = Pm x Po x Pcs 
Nao 
Number of infected animals accepted through 
official imports Nao = Poe x N 
Nri 
Number of infected animals rejected through 
official imports Nri = Por x N 
Pi Prevalence in officially imported group Pi = Nao / (No - Nri) 
Pcs 
Probability an infected animal will show clinical 
s igns during quarantine Pert(0,0.7,1) 
Pncs 
Probability an infected animal will not show 
cl inical signs during quarantine Pncs = 1 – Pcs 
Pt 
Probability an animal imported into Thailand is 
infected (prevalence in imported group) 
Pt = ((No - Nri) x Pi) + (Nu x Pm)) / ((No - Nri) 
+ Nu) 
Table 7.1: The parameters and distributions used to model the movement of livestock from Myanmar into Thailand 
(showing base-line figures for each parameter). The input variables are shaded in light grey, and the output variable (Pt) 
is shaded in dark grey. 
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7.3.2 Sensitivity Analysis: Identifying the major contributors to the risk of FMD 
incursions into Thailand from Central Myanmar caused by live animal 
movements 
A sensitivity analysis was run using the parameters of the model set at baseline values, as 
outlined in Table 7.1. The model used in this study includes four input variables: N which 
is the total number of animals moved from Central Myanmar to northern Thailand per 
week; Pm which represents the prevalence of FMD in Central Myanmar; Pu which 
represents the probability that animals enter Thailand through unofficial pathways; and Pcs 
which represents the probability that animals infected with FMD will be detected during 
quarantine. The output variable is the probability that an animal entering Thailand from 
Myanmar is infected with FMD (Pt). 
The sensitivity analysis was conducted for three of the input variables (Pm, Pu and Pcs) 
using data tables from „What-if‟ analysis in Microsoft Excel, 2010. A PCC was then taken 
for each data table, and the process repeated for each independent variable using 1,000 
iterations in „PopTools‟ version 3.2 (Hood, 2010). Where the 95% CI of PCC did not 
include zero, the p-value for the regression was calculated to determine the significance of 
the relationship observed. 
7.3.3 Modelling the impact of intervention measures on the risk of FMD incursions 
into Thailand from Myanmar 
The model was run using different values for various input parameters in order to simulate 
the impact of intervention measures targeted at each of the input variables. Given the 
stochastic nature of the model, a range of output figures were generated through multiple 
iterations. In order to assess the impact of different intervention strategies, the mean output 
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risk for each intervention scenario was compared with the mean output of the base-line 
scenario. The following scenarios were simulated: 
7.3.3.1 Baseline scenario:  
The model was run using the values of the input variables shown in Table 7.1. This 
provides a baseline level of risk with which to compare other scenarios in order to 
determine their impact. 
7.3.3.2 Control Scenario One: Change of FMD Prevalence in Central Myanmar 
Here, different values for the prevalence of FMD were used to simulate the impact of 
control measures aimed at reducing FMD prevalence in Central Myanmar (such as 
vaccination). All other parameters remained at base-line levels. 
Wongsathapornchai et al. (2008b) demonstrated that a mass vaccination programme 
implemented in Thailand, assuming that 93.4% of vaccinated animals became immune, 
would reduce the ACI of FMD by 85%. It is assumed that this would be the maximum 
impact of vaccination in Central Myanmar, particularly during early years of such a 
campaign, given that achieving protective immunity in 93.4% of vaccinated animals 
appears high compared to other studies conducted in the region (Morrissy, 2010) and 
would be unlikely to be achieved during early stages of mass vaccination in Myanmar. The 
parameter, Pm will thus be set at the following levels below base-line Pm: 85%, 50%, 25% 
and 10%. This will assume that Pu and Pcs remain at their base-line levels. 
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7.3.3.3 Control Scenario Two: Altering the probability of cattle entering Thailand 
through unofficial pathways. 
This scenario modelled the impact of altering the probability that animals enter Thailand 
unofficially from Myanmar in order to simulate the impact of control measures aimed at 
increasing the proportion of animals which use official movement pathways across the 
border between Myanmar and Thailand. Given that the impact of this control measure was 
to be compared with the base-line level of risk, and given the high sensitivity of the model 
to the prevalence in Myanmar, the parameter Pm was fixed at its most likely value to 
prevent variation in this parameter interfering with the result of Control Scenario Two. For 
the remainder of the analysis, the parameter Pm was fixed at its most likely value. 
At the base-line scenario there is a high probability that livestock move through unofficial 
pathways, as opposed to official pathways. Although there is a lot of uncertainty in the 
number of livestock entering Thailand from Myanmar and the routes taken by those 
animals (official or unofficial), the data available suggests that a large proportion of 
animals currently enter Thailand unofficially. There may be a number of reasons for this, 
including: time and financial constraints upon the trader when using official pathways; 
communities straddling national boundaries and moving animals informally; insufficient 
places in quarantine stations to handle the volume of animals entering the country. As the 
cause of the high proportion of animals entering Thailand unofficially is not known, the 
way in which this might be reduced is also not clear. However, past experience in Malaysia 
is used here to model cross-border movement of livestock into Thailand and the impact of 
changing import procedures on the proportion of animals moved unofficially.  
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In Malaysia, the problem of the high number of unofficially imported livestock was 
addressed by reducing the period of time animals were held in quarantine and by 
increasing enforcement of animal movement laws at the border (Naheed, 2009a). In order 
to simulate the impact of altering the probability of unofficial movement on the risk of 
FMD incursions into Thailand, the model was run using different values for Pu. All other 
parameters remained at base-line levels. 
7.3.3.4 Control Scenario Three: Changing the sensitivity of detection of FMD during 
quarantine procedures. 
Under the current system, the probability that FMD infected animals are detected in 
quarantine currently relies upon clinical examination of livestock. This was modelled in 
Chapter Six using a Pert distribution (0, 0.7, 1) as an estimate of the probability that 
infected animals show clinical signs. The sensitivity of this system may be increased by 
using additional screening tests such as serological testing to detect animals previously 
exposed to FMD. In order to explore the impact of altering the sensitivity of detecting 
infected animals at the border, the model was run with Pm fixed at its most likely value 
and with Pu modelled with a Pert distribution at the baseline level. A range of values for 
Pcs were then modelled to assess their impact on the risk of FMD incursions into Thailand 
from Myanmar. As this parameter contains a high degree of uncertainty, the initial baseline 
figure was fixed at 0.7 (which is the most likely value) and results of control scenarios (set 
at lower values for Pcs) were compared with the output of the base-line scenario. 
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7.3.3.5 Control Scenario Four: Modelling the interaction between quarantine 
sensitivity and unofficial livestock movements 
This scenario is an extension of scenarios two and three and focuses on the trade-off 
between increasing the sensitivity of detecting FMD infected animals during quarantine 
and encouraging traders to follow official import procedures. This part of the study was 
conducted by modelling the risk of FMD incursions into Thailand using different lengths 
of quarantine period. The impact of quarantine length on both Pu and Pcs was modelled 
and, for each quarantine period, the output risk was measured. A deterministic model was 
used for this scenario whereby baseline figures were set at: Pm = 0.00067; Pu = 0.99 and 
Pcs = 0.7, with a quarantine period of 21 days. 
It was assumed that at the current level of quarantine there is a 0.7 probability of detecting 
infected livestock (this is based on the most-likely figure in the pert distribution), i.e. that a 
21 day quarantine period allows for detection of 70% of infected animals. As 14 days is 
recognised as the maximum incubation period for FMD (OIE, 2010a), it is assumed that 
the 30% animals missed by this system will be sub-clinically or mildly affected, rather than 
incubating disease in quarantine. According to the model developed in Chapter Six, under 
the current system of quarantine 98% of animals move unofficially across the border, 
hence the values used as a baseline for this scenario. 
There is minimal data available regarding the impact of quarantine procedures on the 
probability that animals are moved through unofficial pathways. However, some data from 
Malaysia indicated that a reduction in the quarantine period from 21 to ten days resulted in 
a reduction from 0.6 to 0.2 in the probability that animals entered Malaysia unofficially. 
While other factors are likely to have influenced this change in the proportion of animals 
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moving unofficially, such as: increased enforcement of anti-smuggling laws (Naheed, 
2009a) and/or increased use of private quarantine stations, it is believed that the number of 
days animals are quarantined are likely to affect the proportion of animals moved 
unofficially. In fact, traders in this region have quoted the increased cost and time delays 
resulting from quarantine periods as a reason for circumventing official quarantine 
procedures (Banks, 2004). Therefore, for the purposes of this study, it is assumed that the 
change in probability of animals moving unofficially in Malaysia was attributable to the 
change in the length of quarantine. Using this 0.4 probability difference resulting from an 
11 day reduction in quarantine period, a linear relationship was assumed between the 
length of quarantine and the probability that animals would move unofficially. Therefore, 
it was assumed that for each one day reduction in quarantine period, there would be a 
resulting 0.036 reduction in the probability that animals would be moved through 
unofficial pathways. 
The incubation period of FMD in cattle can range from two to 14 days (Kitching, 2002; 
OIE, 2010a), but the most likely period is between two and four days. Alexandersen et al. 
(2003) described that, under experimental conditions, the mean incubation period of FMD 
resulting from direct cattle-to-cattle contact, was 3.5 days. For this model, it was assumed 
that quarantine screening measures rely on detection of infected animals through clinical 
inspection only and therefore the quarantine period will impact on the ability to detect 
infected animals which are still incubating the disease. It was assumed that animals became 
infected on the day quarantine began, which is assumed to be the latest time they may be 
infected given that all animals are vaccinated on entry to the quarantine station. While this 
is likely an over-simplification, it provides the most cautious measure as the whole 
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incubation period of disease will then occur in quarantine, making it less likely that 
infected animals will be detected when shorter quarantine periods are used. 
The variability in incubation periods for FMD was modelled using a Pert distribution with: 
2, 3.5 and 14 as the minimum, most likely and maximum values, respectively. 100,000 
iterations of this distribution were run, using Monte Carlo sampling, in order to generate a 
cumulative frequency distribution for incubation periods of FMD (Figure 7.2).  
 
Figure 7.2: A frequency distribution and cumulative frequency distribution for incubation periods of FMD in cattle, based 
on a Pert distribution (2,3.5,14). 
This cumulative frequency distribution was used to determine the probability that animals 
would be detected as infected with FMD during different quarantine periods. Given that 
70% of infected cattle are assumed to be detected during 21 days quarantine 
(Wongsathapornchai et al., 2008a), it is assumed that 30% of infected animals will not be 
detected, regardless of the length of quarantine. Therefore, based on the cumulative 
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frequency graph above, it is assumed that quarantine periods of 13 days and above will 
have a 70% chance of detecting infected animals, where clinical detection alone is used for 
screening. However, at quarantine periods below this, the detection will become less 
sensitive, for example, at ten days quarantine, 98.4% of infected animals would be 
expected to show clinical signs of disease during the quarantine period. As a maximum of 
70% of infected animals can be detected through clinical examination, then at ten days 
quarantine it is assumed that 98.4% of those animals will be detected and 1.6% will be 
missed. Therefore, at ten days quarantine, the sensitivity of detecting infected animals will 
be estimated as 69% (or probability of 0.69). 
For each reduction in quarantine length there will be a decrease in the probability of 
animals entering Thailand unofficially (which will reduce the overall risk) and a decrease 
in the probability that an infected animal will be detected (which will increase the overall 
risk). The optimum quarantine period will be identified as that point where the overall risk 
is lowest. 
7.4 Results 
7.4.1 Sensitivity Analysis: Identifying the major contributors to the risk of FMD 
incursions into Thailand from Central Myanmar caused by live animal 
movements 
Parameter Parameter description PCC (95% CI) P-value (95% CI) 
Pm Prevalence in Central Myanmar 1.00 (1.00, 1.00) 0 (0,0) 
Pu Probability animals enter 
Thailand unofficially 
0.34 (0.26, 0.41) 6.29 x 10-9 (6.80 x 10-23, 5.03 x 10-8) 
Pcs Probability infected animals are 
detected during quarantine 
-0.008 x 10-4 (-0.09, 0.07) 0.56 (0.006, 0.99) 
Table 7.2 Results of the sensitivity analysis of the risk simulation model at base-line parameters. 
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The results of the sensitivity analysis demonstrate that the model is highly sensitive to the 
Prevalence of FMD in Central Myanmar, showing a strongly positive correlation between 
Pm and Pt. A significant positive correlation also exists between Pu and Pt, whereas the 
relationship between Pcs and Pt does not appear to be significant. This indicates that any 
changes in the prevalence in Myanmar are likely to have the greatest impact on the 
likelihood of FMD infected animals entering Thailand from Myanmar (which are explored 
in the next section). At the base-line levels shown, the probability that infected animals are 
detected during quarantine is likely to have no significant relationship with the final risk 
output given the high probability that animals pass unofficially across the border, thus 
bypassing these control systems. 
7.4.2 Modelling the impact of intervention measures on the risk of FMD incursions 
into Thailand from Myanmar 
7.4.2.1 Base-line scenario 
With all parameters set at baseline values, the probability that an animal entering Thailand 
from Central Myanmar is infected with FMD had a mean value of 0.002 (95% CI: 1.3 x   
10-4, 0.004). The results of the baseline scenario are shown in Figure 7.3. 
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Figure 7.3: A frequency distribution showing the risk that animals entering Thailand from Myanmar are infected with 
FMD (from 5,000 iterations) with the model set at the base-line scenario. 
7.4.2.2 Control Scenario One: Change of FMD Prevalence in Central Myanmar 
As expected from the highly significant correlation between Pm and Pt, reductions in Pm 
resulted in significant reductions in Pt. If a mass vaccination program achieved the 85% 
reduction in ACI as suggested by Wongsathapornchai et al. (2008b), and we assume a 
reduction in weekly prevalence of 85%, then the risk of animals entering Thailand being 
infected with FMD would reduce by 73.31%, even at base-line levels of unofficial 
livestock movement (Pu) and sensitivity of detecting infected animals at the border (Pcs) 
(Table 7.3). Obviously, if the vaccination program was highly successful over time and 
achieved eradication of disease from Central Myanmar, there would be no risk from 
importing animals from this area. This would be the ultimate aim of addressing disease in a 
source area such as Central Myanmar. 
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Pm (input) Pt (output) mean (95% CI) % reduction in 
Pt from baseline 
0.00066 (base-line – fixed at mean Pm) 5.92 x 10-4 (5.86 x 10-4, 5.97 x 10-4) 0.0% 
0.0006 (reduced by 10%  from base-line) 5.92 x 10
-4
 (5.87 x 10
-4
, 5.97 x 10
-4
) 0.00 % 
0.0005 (reduced by 25%  from base-line) 4.94 x 10
-4
 (4.89 x 10
-4
, 4.97 x 10
-4
) -16.55% 
0.0003 (reduced by 50%  from base-line) 2.96 x 10
-4
 (2.94 x 10
-4
, 2.99 x 10
-4
) - 50.00% 
0.00016 (reduced by 85%  from base-line) 1.58 x 10
-4
 (1.57 x 10
-4
, 1.59 x 10
-4
) - 73.31% 
0.0005 (reduced by 25%  from base-line) 4.94 x 10
-4
 (4.89 x 10
-4
, 4.97 x 10
-4
) -16.55% 
0.0006 (reduced by 10%  from base-line) 5.92 x 10
-4
 (5.87 x 10
-4
, 5.97 x 10
-4
) 0.00 % 
Table 7.3: Results of control scenario one where different values of Pm are used to simulate the impact of control 
measures aimed at controlling FMD in Central Myanmar. 
7.4.2.3 Control Scenario Two: Changing the probability that cattle enter Thailand 
through unofficial pathways 
As would be expected from the results of the sensitivity analysis, reduction in the 
probability that animals enter Thailand unofficially results in reduced probability of 
infected animals entering Thailand. These results show that while there is a reduction in 
the risk of FMD incursions by reducing the probability that animals enter unofficially, a 
significant risk remains for FMD incursions due to the probability that infected animals are 
not detected during quarantine. However, when all animals are moved through official 
systems, the mean risk of incursions is reduced by as much as 63.13% (Table 7.4). 
Therefore, while FMD continues to occur in Myanmar, reducing the probability that 
animals are moved through unofficial pathways would appear to be a suitable target for 
reducing the risk of FMD infected animals entering Thailand. However, as noted above, as 
long as animals are sourced from FMD infected areas, there is always a risk of infected 
animals being introduced into the MTM Zone. 
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Pu (input) Pt (output) mean (95% CI) % change in 
Pt from 
base-line 
0.98 (baseline – fixed at mean Pm) 6.51 x 10
-4
 (6.47 x 10
-4
, 6.56 x 10
-4
) 0.0% 
0.88 (reduced by 10% from baseline) 6.10 x 10
-4
 (5.86 x 10
-4
, 6.40 x 10
-4
) - 6.30% 
0.74 (reduced by 25% from baseline) 5.51 x 10
-4
 (5.00 x 10
-4
, 6.11 x 10
-4
) - 15.36% 
0.49 (reduced by 50% from baseline) 4.47 x 10
-4
 (3.46 x 10
-4
, 5.73 x 10
-4
) - 31.34% 
0.25 (reduced by 75% from baseline) 3.45 x 10
-4
 (2.03 x 10
-4
, 5.30 x 10
-4
) - 47.00% 
0.10 (reduced by 90% from baseline) 2.84 x 10
-4
 (1.08 x 10
-4
, 5.06 x 10
-4
) -53.37% 
0 (reduced by 100% from baseline) 2.40 x 10
-4
 (4.99 x 10
-5
, 4.89 x 10
-4
) - 63.13% 
Table 7.4: Results of control scenario two where different values of Pu were used to simulate the impact of control 
measures aimed at increasing the probability that animals enter Thailand through official pathways. 
7.4.2.4 Control Scenario Three: Changing the sensitivity of detection of FMD during 
quarantine procedures  
These results show that with Pm fixed at its most likely value and with Pu running at the 
baseline level, there appears to be no significant impact of increasing the sensitivity of 
detecting infected animals in quarantine on the risk of FMD incursions into Thailand 
(Table 7.5). Although the mean risk of FMD infected animals entering Thailand appears to 
be lower when Pcs is set at 0.9 and 1, this is not a significant reduction (p-values of 0.61 
and 0.49, respectively). The failure of changes in (Pcs) to affect the risk of infected 
animals entering Thailand (Pt) is likely due to the extent of unofficial movement of 
livestock (Pu) meaning that relatively few animals are moved through official pathways 
and therefore the change in detecting infected animals (Pcs) only affects a very small 
proportion of animals.  
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Pcs (input) Pt (output) mean (95% CI) % change in Pt 
from baseline 
0.7 (baseline fixed at most 
likely Pcs, Pm and Pu) 
6.50 x 10
-4
 (6.48 x 10
-4
, 6.54 x 10
-4
) 0.0% 
0.8  6.50 x 10
-4
 (6.46 x 10
-4
, 6.53 x 10
-4
) 0.0% 
0.9 6.48 x 10
-4
 (6.44 x 10
-4
, 6.53 x 10
-4
) -0.31%  
1.0 6.47 x 10
-4
 (6.42 x 10
-4
, 6.51 x 10
-4
) -0.46% 
Table 7.5: Results of control scenario three where different values of Pcs were used to simulate the impact of control 
measures aimed at increasing the probability that animals enter Thailand through official pathways. 
These control scenarios highlight that the prevalence of FMD in Myanmar is the greatest 
contributor to the risk of FMD incursions into Thailand, and that intervention measures 
aimed at reducing this prevalence would have the greatest impact on the risk of FMD 
incursions. However, this also highlights the importance of unofficial movement of 
livestock and the impact that this has on the risk of FMD incursions. At the current high 
levels of unofficial movements which are shown in this model, there is a high risk of FMD 
incursions regardless of the sensitivity of detecting infected animals in quarantine. The 
reason for this is that there are so few animals passing through quarantine, compared to 
those which circumvent the controls, that the sensitivity of detection has little, or no, 
impact on the overall risk.  
7.4.2.5 Control Scenario Four: Modelling the interaction between quarantine 
sensitivity and unofficial livestock movements 
The results presented above indicate that decision makers should take into account the 
impact of unofficial livestock movements on the risk of FMD incursions when planning 
disease control measures. The model used in this chapter was refined to model this control 
scenario by including a link between the number of days in quarantine, the sensitivity of 
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the quarantine system and the probability that animals move unofficially, in order to 
determine the optimal level of border control, taking into account the potential for 
unofficial movement of livestock (as described in Section 3.3.5). 
Number of days in 
quarantine 
Pu Pcs Pt  
21 (baseline) 0.98 0.700 6.51 x 10
-4
 
12 0.67 0.699 5.08 x 10
-4
 
11 0.63 0.697 4.90 x 10
-4
 
10 0.59 0.689 4.74 x 10
-4
 
9 0.56 0.672 4.65 x 10
-4
 
8 0.52 0.639 4.58 x 10
-4
 
7 0.49 0.587 4.63 x 10
-4
 
6 0.45 0.506 4.76 x 10
-4
 
5 0.41 0.398 5.05 x 10
-4
 
4 0.38 0.260 5.54 x 10
-4
 
3 0.34 0.110 6.12 x 10
-4
 
2 0.31 0 6.60 x 10
-4
 
1 0.27 0 6.60 x 10
-4
 
Table 7.6: Results of simulations of the model using different quarantine periods which impact on the parameters Pcs and 
Pu. The number of days quarantine which corresponds with the lowest probability that an animal imported into Thailand 
is infected with FMD is highlighted in green. 
The results of this simulation (Table 7.6) demonstrate the trade-off between increased 
border regulations (time in quarantine) and encouraging traders to use official import 
procedures. These results suggest an optimum quarantine period (i.e. that with the lowest 
risk of FMD incursion), based on the data used to furnish this model, of eight days. The 
lowest output risk resulting from this scenario gives a probability of 4.65 x 10-4 that an 
animal entering Thailand has FMD. This is a lower risk than can be achieved by 
manipulating Pcs alone and is equivalent to the risk when Pu is set at 50% of its baseline 
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value, when changing these parameters in isolation. Given the degree of uncertainty in the 
data used to furnish these models, the optimum time of eight days may be used as an 
example to demonstrate the concept of a trade-off between these parameters, and the model 
may be used to good effect as more data becomes available. However, due to uncertainty 
in the data, the true optimum quarantine period may be different to that demonstrated here. 
7.5 Conclusions 
The results of this study indicate that by far the most important contributor to the risk of 
FMD incursions into Thailand from live animal movement from Myanmar is the 
prevalence of the disease in Central Myanmar. Therefore, a control program aimed at 
reducing FMD prevalence in Central Myanmar would be likely to have the most 
significant impact on the risk of FMD incursions into Thailand, the MTM Zone and 
throughout mainland South-East Asia, given what is known of live animal movement 
pathways in the region (ACIAR Project AH/2006/025, 2009; Cocks et al., 2009). 
However, due to the existence of unofficial movements and imperfect sensitivity of 
detecting infected animals in quarantine, this study showed that whenever live animals are 
moved from an FMD infected area, there is likely to always be a risk of FMD incursion. 
Implementing measures to encourage traders to move animals through official pathways 
are also indicated by this study to have significant impacts on the risk of FMD incursions 
into the MTM Zone. However, it is noted that measures implemented to reduce the risk of 
animals being moved unofficially often come at a price of reduced sensitivity of detecting 
infected animals during the official import procedures, and vice-versa. For example, 
traders may be encouraged to use official import procedures if the process is less time 
consuming. However, if shorter quarantine periods are used, it may be less likely that 
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infected animals will be detected. This study demonstrated that these two factors should be 
considered together in order to find an optimal level of border protection. 
7.6 Discussion 
While the aim of this study was to model the impact of control measures targeted at 
specific points in the livestock movement pathway between Central Myanmar and 
Thailand, it fails to address the finer details of implementing disease control measures, 
such as cost-benefit and the feasibility of putting measures in place. However, this study is 
intended as a first step towards highlighting the potential magnitude of the impact which 
successful FMD control in Central Myanmar may have on the risk of FMD incursions into 
Thailand, and to highlight some of the factors which should be considered by future 
researchers and/or decision makers when implementing measures to protect Thailand and 
the MTM Zone from incursions of FMD virus. This study has also built upon the extensive 
work conducted by Naing Oo (2010) in this area. 
This study demonstrated that there is likely to be a level of trade-off between protecting a 
country‟s frontiers against FMD while encouraging traders to use official pathways of 
livestock movement. However, the level of uncertainty in the model and the factors 
contributing to traders decisions on which pathways to move animals is not clearly 
defined. Future work in this area would benefit from more information on the behaviour of 
traders and what factors prevent them from using official procedures in order to plan future 
border control measures. Some potential areas which may be investigated are: whether 
sufficient quarantine systems exist to handle the increasing volumes of livestock moving 
from Myanmar to Thailand; whether cost, time or both are preventing traders from using 
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existing quarantine services; and whether opening the border, from the Myanmar side, 
would impact on this parameter. 
This study concludes that unofficial movement of livestock should be considered when 
disease exclusion and control programs are being designed in the MTM member countries. 
Past examples from within the MTM Zone have demonstrated that where borders have 
been closed to official movement of livestock, the risk of FMD incursion has paradoxically 
increased (Banks, 2004). This is believed to be due to increased unofficial movement of 
livestock when no other pathways were available. Throughout mainland South-East Asia, 
unofficial movement of livestock poses a constant challenge for countries trying to prevent 
FMD infected livestock from entering their territories. This study demonstrated the 
importance of considering this pathway in decisions aimed at preventing entry of FMD 
infected animals. While more lenient border control procedures suggested here do not 
comply with international standards set by the OIE in terms of import procedures (OIE, 
2010b), at the current stage of the FMD eradication program in mainland South-East Asia, 
where FMD is endemic, using such measures to reduce the spread of FMD while 
acknowledging that some risk for FMD incursions remain, might be a feasible option until 
such time as FMD free areas can be established, based on control of the disease at source. 
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8 General Discussion 
8.1 Summary  
The overarching conclusion of this research is that the success of controlling FMD in the 
MTM Zone is highly dependent upon the successful control of FMD in certain areas 
outside of the Zone. Therefore, the MTM Zone, in its current state, is not considered to be 
a suitable area from which to begin regional control of FMD without firstly, or 
concurrently, controlling the disease in other key areas. The areas which appear to present 
the greatest threat to the MTM Zone are those from which livestock are sourced, or 
through which livestock transit, prior to entering the MTM Zone. The major source and 
transit areas of livestock identified by this study were Central Myanmar and Northern and 
Central Thailand, respectively. Live animal movement has been identified by this research 
as an important threat to the MTM Zone due to strong market forces driving movement of 
animals into the Zone from other parts of the region. This influx of animals brings with it 
the threat of FMD virus introductions. 
As well as the threat of introduction of FMD into the MTM Zone, the success of the MTM 
Campaign is also limited by a dearth of epidemiological information about FMD within the 
MTM Zone. The lack of reporting and investigation of outbreaks, which is apparent across 
much of the zone, hinders both national and regional efforts to control the disease and 
limits the ability to monitor the success of control measures implemented. Without detailed 
epidemiological information it is also difficult to identify suitable targets for control 
measures.  
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The key conclusions are that efforts should be made to improve data collection in the field 
and to improve reporting of these data to central bodies and that FMD should be addressed 
in key, strategic areas along the livestock movement pathway in order to reduce the risk of 
FMD infected animals entering the MTM Zone. While complete cessation of animal 
movement into the MTM Zone would be a potential solution, given the current demands 
for livestock within the zone and the relatively porous borders, it is unlikely to be feasible 
to completely prevent the entry of live animals into the MTM Zone. 
8.2 Suitability of the MTM Zone as an FMD Control Zone 
The MTM Zone was originally selected as an FMD control zone based on its geographical 
location and the strong political support expected from the three member countries of the 
campaign (SEAFMD RCU, 2002). Banks (2004) noted that the MTM Zone was 
favourably positioned for the control of FMD given that it lies on a peninsula onto which 
the movement of risk products might be more easily controlled. However, Despite the 
advantages of the MTM Zone outlined in previous literature, a review of FMD 
epidemiology in the MTM Zone, conducted as part of the current study, suggests that FMD 
continues to occur on a regular basis throughout much of the MTM Zone (OIE 
SEACFMD, 2010) and that a proportion of these outbreaks likely result from the 
introduction of virus from areas outside of the Zone (Hammond et al., 2009). Therefore, 
rather than being protected from FMD incursion, this study has demonstrated that the 
MTM Zone appears, in contrast, to be highly vulnerable to introductions of FMD.  
The major threat to the MTM Zone appears to be the movement of live animals and animal 
products into the zone from other FMD infected areas. According to the results of this 
study, livestock movement into the MTM Zone appears to be driven by strong market 
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forces which exist due to the high demand for animal products within certain parts of the 
MTM Zone. The threat of live animal and animal product movement into the MTM Zone 
was previously described by Banks (2004) and Wongsathapornchai et al. (2008a). The 
latter demonstrated that, according to their risk assessment, FMD infected animals were 
likely to enter the MTM Zone each year. Similarly, the current study concluded that high 
volumes of livestock move into the MTM Zone and that these animals represent an 
important risk for the introduction of FMD. 
In light of these findings, it was concluded that the MTM Zone represents an end-point for 
livestock movement and that despite efforts made under the MTM Campaign since 2003, 
there has been little progress in terms of a reduction in the number and distribution of 
reported outbreaks. This study has also demonstrated that animals entering the MTM Zone 
are sourced predominantly from Central Myanmar, where there is a high prevalence of 
FMD (Naing Oo, 2010). Therefore, it was concluded that, despite the selection of the 
MTM Zone as the initial zoning site in South-East Asia, it is considered unlikely that 
control of FMD could be achieved in this area without first, or concurrently, addressing 
FMD in source areas such as Central Myanmar. It was reported by Naing Oo (2010) that 
implementing an FMD Zone in Central Myanmar would have benefits for controlling 
FMD in other areas of that country. The current study supports this view while also 
demonstrating the potential for benefits throughout the Southeast Asian region if FMD is 
first controlled in this important source area. 
8.3 Identifying livestock movement pathways 
The livestock movement pathways identified by this study indicate that livestock destined 
for the MTM Zone originate in Central Myanmar, transit through Northern and Central 
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Thailand – passing through specific „hubs‟ in Thailand where high volumes of cattle are 
traded – and are then moved on to the MTM Zones of Southern Thailand and Peninsular 
Malaysia. The large supply of cattle in Central Myanmar was previously described by 
Naing Oo (2010) who demonstrated that livestock tend to move out from Central 
Myanmar, with minimal inward movement. The current study provides additional evidence 
of this, through identifying movement pathways of livestock originating in Central 
Myanmar and moving into Thailand. This study failed to identify movement of animals 
into Central Myanmar from elsewhere, but did identify considerable movement out of this 
area. Therefore, evidence from this study, supported by previous work by Naing Oo 
(2010), suggests that Central Myanmar is a likely source area of livestock.  
The general direction of livestock movement pathways in South-East Asia have previously 
been described by Abila and Cocks (2008) in whose study it was shown that livestock 
appeared to be moved from areas of low price to areas where higher prices are offered. The 
movement information in this case was gathered during meetings with veterinary officers 
from mainland countries of South-East Asia. Again, the direction of livestock flows 
described by Abila and Cocks (2008) corresponded with the pathways identified in this 
study. However, the current study went further than describing the general direction of 
livestock movement by also gathering information on the actual pathways taken by 
animals and the markets, traders and quarantine stations through which pass. So, the 
current study has expanded the knowledge of livestock movement pathways by increasing 
the resolution at which animal movement routes in the region are studied and by gathering 
quantitative information on animal movement as well as the exact pathways through which 
they move. 
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The current study, as well as that of Abila and Cocks (2008) used the movement pathways 
of livestock as a means of identifying risk pathways for FMD. Other studies conducted in 
the region have directly monitored the spread of FMD virus by applying viral sequencing 
technology to samples collected from outbreaks in the region (Hammond et al., 2009) or 
from virus isolated from buffalo (Parida, 2011). While this approach has been limited by 
low numbers of samples collected in the field, those studies which have been conducted 
provide valuable insights into the spread of virus in the region. A study by Parida (2011) 
used viral sequencing to demonstrate movement of FMD virus throughout South-East 
Asia. The findings of that research indicated that the movement of virus corresponded with 
the pathways of livestock movement identified in the current study. Similarly, Hammond 
et al. (2009) analysed results from a small number of samples submitted to the WRL which 
indicated that virus from Central Myanmar had high similarity to virus collected in the 
MTM Zones of Thailand and Malaysia, again supporting the findings of this study that 
virus has spread along similar routes to the movement of livestock and that there is viral 
movement from Central Myanmar to the MTM Zone. 
In conclusion, it appears that the methods used in this study have been effective in 
identifying: key source and transit areas of livestock destined for the MTM Zone; 
movement pathways taken by livestock and, indirectly, the movement of FMD virus into 
the MTM Zone. This is supported by results of FMD virus sequencing studies (Hammond 
et al., 2009; Parida, 2011) which have shown that movement of virus corresponds to the 
livestock movements identified in this study. This study has also been able to provide more 
in depth information about the methods of trading and the stakeholders involved in the 
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trading industry, both of which would be important when considering the types of control 
measures to be implemented.  
While providing detailed information on the current pathways of livestock movement, the 
methodology used in this study does not readily enable monitoring of changes in 
movement pathways over time. Although frequent repetition of the study would provide 
information on new pathways, this is likely to be too time-consuming to be a feasible 
monitoring method. Therefore, alternative methods such as: viral sequencing; or use of 
indirect measures such as livestock market price to predict movement directions (personal 
communication, Ben Madin, 2009), might be more feasible while also providing an early 
warning system for new patterns of viral spread or the introduction of new strains. 
However, detailed information on actual pathways of livestock movement and stakeholders 
involved in that movement, as was gathered in this study, is vital when identifying suitable 
targets for disease control measures and the stakeholders are likely to remain similar, even 
if a change in movement pathways occurs. 
8.4 Targeted disease control 
The purpose of identifying livestock movement pathways destined for the MTM Zone was, 
principally, to identify critical points in the pathway in terms of their propensity to spread 
disease or their vulnerability to introductions of disease. These critical points were then 
considered as potential targets for strategic control measures. Perhaps the most important 
point in the pathway to be identified was the very source of animal movements in Central 
Myanmar. As described earlier, the results of this study as well as others (Naing Oo, 2010; 
Parida, 2011) have shown that livestock and FMD virus appear to spread from this area, 
down to the MTM Zone. Other critical points identified included Northern and Central 
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Thailand, specifically Sukothai Province, where extensive livestock trading activities take 
place. As well as these geographical regions, certain types of trading practices were 
identified as being potentially important in the spread of FMD. Firstly, livestock markets 
occupy an important position in the trading of livestock in Myanmar and Thailand and 
secondly, unofficial cross-border movement of livestock was also highlighted as a high-
risk practice.  
Although the risk modelling exercise conducted in this study did not identify livestock 
markets as important contributors to the risk of FMD entering the MTM Zone, other 
studies have clearly demonstrated that when outbreaks have occurred in countries where 
live animal markets form an important part of animal trading, they have been instrumental 
in the spread of disease (Yang et al., 1999; Gibbens et al., 2001; Robinson and Christley, 
2007). Therefore, having identified that livestock markets are used extensively in 
Myanmar and Thailand and that the level of biosecurity practiced in these markets is 
generally low, it is assumed that these would play an important role in the spread of FMD 
and therefore should be considered as targets for future disease control measures. 
In summary, the main areas identified as critical points in the pathway of livestock 
movement are: the source of livestock in Central Myanmar; a major trading and transit area 
in Central Thailand; and the livestock markets throughout Central Myanmar and Northern 
and Central Thailand. A number of specific markets have also been identified which 
appear to be centrally placed in the livestock trading pathways. While this research has 
highlighted some potentially key areas, it has not gone as far as assessing the feasibility of 
implementing control measures, nor has it considered the type of control measures which 
might be most effective. This work should be undertaken in the future. 
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8.5 Cross-border movement 
An area of particular interest in this study was cross-border movement of livestock. 
Throughout South-East Asia, the movement of livestock was previously described to be 
market driven and largely un-regulated (Gleeson, 2002). The results of the current study 
support the view that the movement of livestock is more a reflection of the market forces 
than of the officially permitted routes of livestock movement. For example, at the time of 
the current study, there was no officially recognised export of cattle from Myanmar to 
Thailand (personal communication, Kyaw Naing Oo, 2008). However, this study has 
shown that high volumes of cattle are being moved from Myanmar to Thailand on a daily 
basis. A similar scenario was seen in Malaysia in 2003 when movement of livestock from 
southern Thailand to Peninsular Malaysia continued despite closure of the official border 
(Banks, 2004). It appears from the results of the current study that the market forces are the 
principle determinant of livestock movement patterns and that, while regulations may have 
some impact on the movement pathways taken, these are often not followed particularly 
where time and financial constraints act as disincentives to traders using these routes. 
In light of the potential for unofficial movement of cattle into the MTM Zone, a study was 
conducted to assess the possible impact that increasing border controls may have on the 
number of cattle using official pathways as opposed to unofficial routes. The results of this 
study suggested that by reducing the stringency of border controls (and thus reducing the 
time taken to move across the border) traders may be encouraged to use official channels 
and thus reduce the number of animals entering the MTM Zone unofficially. This was 
based on the premise that the easier the official regulations are to follow, the more likely 
traders will be to use them. However, this must obviously be balanced with the fact that 
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border controls need to be effective in reducing the risk of FMD entering the MTM Zone. 
This study found that there is an optimum quarantine period at which the risk of FMD 
entering the MTM Zone is minimised through creating a balance between the stringency of 
quarantine measures while also encouraging traders against circumventing controls. This 
conclusion contrasts with that of Wongsathapornchai et al. (2008b) who concluded that 
increasing the testing conducted at border crossing points would reduce the risk of FMD 
animals entering the MTM Zone. The reason for this difference is likely due to 
Wongsathapornchai et al. (2008b) not taking into account the unofficial entry of livestock 
to the MTM Zone in their study. Therefore, their study failed to recognise any negative 
consequences to increasing the stringency of border controls. 
Some similar work has been conducted recently in Malaysia in which this compromise 
between sensitivity of border check points and unofficial animal movements has been put 
into practice. Naheed Mohammed Bin Hussein (personal communication, 2009) described 
that less outbreaks appeared to have occurred in Malaysia as a result of changing import 
regulations such that animals testing positive for FMD antibodies on arrival in Malaysia 
were allowed to enter providing they did not leave certain northern states of Malaysia. This 
is in contrast to previous measures which would prevent entry of such animals, thus 
encouraging traders to use alternative pathways by which to enter the country in order to 
reduce the risk that their animals would be rejected. 
In concluding that a reduction in the stringency of border controls may be an effective way 
of reducing the risk of FMD entry, it is acknowledged that further work is needed in this 
area and that the study conducted here is a means of raising the concept and encouraging 
the MTM Tri-State commission to consider alternative approaches to controlling FMD, 
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taking into account the potential for unofficial livestock movements in the region. This 
approach may be beneficial early in the campaign but would need to be re-assessed 
frequently given that such import measures would not comply with OIE standards and 
therefore the zone would not be eligible for achieving FMD free zone status with these less 
stringent measures in place. Therefore, in the short term this may aid in gaining support 
from traders and reducing the levels of FMD in the MTM Zone but in the long term, 
measures would need to be in place to ensure that all movement from FMD infected areas 
was controlled. However, in the opinion of the author this is unlikely to be achievable in 
the short or medium term. Alternatively, if border security cannot be achieved with the 
zone boundaries in their current position then consideration may be given to changing 
these boundaries to an area where movements can be controlled. An example of this may 
be to extend the zone to incorporate all source areas of livestock destined for the MTM 
Zone, such that zone boundaries do not cut across key movement pathways. 
8.6 Future research and directions 
This study has highlighted that the current approach to controlling FMD in the MTM zone 
does not appear to be successful and that a major constraint to the campaign is the 
continued influx of livestock from infected areas outside the zone, driven by high demand 
for livestock within the zone. The study has further demonstrated that Central Myanmar is 
a key source area for livestock destined for the MTM Zone and, as such, should be 
considered as a target for future control programs. Expansion of this research and that of 
Naing Oo (2010) would be valuable in determining the feasibility of eradicating FMD 
from Central Myanmar and presenting this case to potential donors for investment. 
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Less emphasis on blanket type approaches to disease control and more emphasis on highly 
targeted approaches should be considered by the MTM members. This study has 
highlighted some potential target areas such as: Central Myanmar; Northern and Central 
Thailand; and the central role of live animal markets in the livestock trading network. 
However, the type of measures which may be implemented and the feasibility of different 
measures have not been investigated. Further expansion from this study may include pilot 
studies of control measures in some of the areas highlighted in order to determine the 
potential impact of implementing such programs. 
As discussed earlier, other important areas for further research include: the role of small 
ruminants in the maintenance and spread of FMD in the MTM Zone and more molecular 
epidemiological studies in order to better understand the distribution and spread of viruses 
into and within this zone.  
8.7 Constraints 
The countries in which this study was conducted are all classed as developing nations but 
vary widely in such areas as: their political situation and economic development. However, 
in all three countries there were limitations in the available data ranging from almost no 
records of livestock movements to records of movements which had considerable 
shortfalls. Even where data did exist there was often sensitivity in releasing these data from 
the Veterinary Authorities of each country. Therefore, methodologies were developed to 
overcome this limitation and to try to determine movement of livestock based on 
discussion with those people actually involved in the livestock trading industry. 
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In all three countries, the study could only be conducted with the assistance of the 
Veterinary Authority of each country. Therefore, traders could only be identified and 
approached through contacts with the Veterinary Authorities, which would have led to bias 
in selecting those traders known to official veterinary officers. Working directly with the 
Veterinary Authorities did result in some difficulty in collecting information from traders 
who were sensitive about discussing their trading behaviours, particularly unofficial 
trading behaviours, in front of government officers. There were further limitations in 
collecting data during interviews where language barriers existed between the researcher 
and the interviewees with official staff of the Veterinary Authority acting as interpreters. 
This potentially lead to „filtering‟ of information at two levels: firstly, that the traders were 
unlikely to reveal some details about their trading behaviour in front of the veterinary 
officers; and secondly, even when information was disclosed by the traders, there may 
have been inaccuracies or omissions in that data being relayed to the researcher.  
The traders initially identified for the study on livestock trade pathways could only be 
selected from lists provided by the Veterinary Authorities. Therefore, although further 
traders were then identified as secondary respondents through snowball sampling, the 
initial „seed‟ interviewees were biased towards those known to the Veterinary Authorities. 
This could mean that as these traders are known to the Veterinary Authorities, they are 
more likely to represent those traders using official pathways of livestock trade and who 
adhere to rules set by the government veterinarians. Therefore, traders using unofficial 
pathways were likely underrepresented in this study. 
This study relied heavily on risk modelling in order to simulate the risk of FMD being 
introduced to the MTM Zone. Much of the epidemiological data used to furnish these 
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models had to be extrapolated from very small studies, anecdotal reports or incomplete 
data. As outlined in Chapter Four, the epidemiological data for FMD in the MTM member 
countries are lacking and therefore there are likely to be inaccuracies. However, this was 
acknowledged and the sensitivity analysis conducted assisted in determining which 
parameter the models were most sensitive to and therefore where further information is 
needed. 
A further constraint of the study involved security concerns in some key areas within the 
region under study. These areas included: the southernmost provinces of Thailand, where 
much of the local cross-border livestock movements would have taken place; and the 
border states of Myanmar, where animals are likely to be gathered prior to cross border 
movement. Information about these important areas was sought, indirectly, through asking 
people outside those areas to provide information or asking veterinary officers working 
within those areas to provide details of trade in their province. However, being able to visit 
directly and interview traders within these regions would have likely yielded more useful 
results and would have allowed better triangulation of information collected in other 
regions. 
8.8 Recommendations to the MTM Tri-State Commission 
The following recommendations have been developed based on the findings of this study. 
They are intended to assist the MTM Tri-State Commission and other relevant groups and 
organisations in steering the MTM Campaign towards more effective disease control in 
order to gain more rapid achievement of free zone status in the MTM Zone. The 
recommendations are drawn directly from individual chapters in the thesis as well as some 
broad recommendations drawn from overall conclusions of the thesis. 
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1. An assessment of the reporting pathways in the MTM Zone should be conducted to 
identify where failures occur. This could involve participatory disease searching 
within randomly selected provinces, districts and villages to assess the actual 
number of outbreaks recognised at the farmer/livestock owner level, and then 
collecting outbreak records from different levels of the veterinary services for the 
same time period. This should include all levels through which reports should pass 
up to the OIE SEACFMD reporting system. The data sets can then be compared to 
assess where failures to convey information have occurred. This will allow the 
Veterinary Authority to then target these key areas in order to improve the overall 
reporting system.  
2. Increased private sector and industry involvement in the MTM Campaign and the 
national FMD control programs is essential. Use of participatory approaches will 
help to involve the stakeholders in decision making and prioritising disease control. 
The actual approach will vary for each country but should aim to improve 
communication between the farmers and the government veterinarians in order to 
improve reporting. While farmer awareness of disease is important, awareness 
without farmer support for a program is unlikely to improve disease reporting. 
3. There is a need for improved response to an outbreak report. Every outbreak report 
should trigger a response by the Veterinary Authority. This should include 
increased investigation of outbreaks and implementation of feasible and effective 
control measures. 
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4. The number of samples submitted for sequencing from the MTM member countries 
should be increased by: 
a. WRL and RRL providing clear guidelines on sample collection and 
submission and providing details and assistance with the submission 
process. Where there are systems in place to assist member countries with 
the costs of sample submission, these should be made clear to the national 
laboratories in each country. 
b. Improved investigation of outbreaks with sample collection and 
accompanying epidemiological information. 
5. Continued serological surveillance in the MTM Zone of Myanmar with the 
objective of detecting disease is required. Targeted sampling based on knowledge 
of risk factors, and targeting farms (or villages) with known risk factors may be 
justified in order to increase the likelihood of detecting disease (or NSP positive 
animals), if present. The investment in serological surveillance may only be 
justified if there is sufficient resources to allow follow-up of positive results in the 
form of confirmatory testing at the laboratory (to increase specificity) and 
epidemiological investigation of positive animals. If insufficient funding is 
available for serological surveys to be conducted to an appropriate standard with 
sufficient follow up then alternative methods of disease detection may be 
preferable. The MTD Meeting developed as a participatory tool by Naing Oo 
(2010) has proved to be a useful method for participatory disease searching in the 
MTM Zone and could therefore be used in place of (or in addition to) serological 
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surveillance. This would be useful for detecting clinical disease but would not 
allow for detection of seropositive animals without clinical signs.  
6. Prioritising the use of resources towards other methods of data collection rather 
than serological surveys should be considered in the MTM Zones of Malaysia and 
Thailand at this stage in the eradication campaign. As described in Chapter Four, 
serological surveillance provides minimal additional information beyond that 
provided by passive surveillance methods in these zones and is relatively costly to 
perform. Development of participatory approaches to surveillance may provide a 
more effective and less costly approach to detecting disease and estimating disease 
prevalence within the MTM Zones. The need for serological surveillance would 
again be relevant towards the end of the eradication campaign when clinical 
outbreaks are much reduced or have ceased. 
7. The MTD approach should continue to be implemented in Myanmar for disease 
searching. This should include training of local officers in the participatory 
approach and the approach should also be applied to outbreak investigations. 
8. Participatory approaches applicable in Malaysia and Thailand MTM Zones should 
be developed and implemented as key tools in information gathering from the field. 
These should be designed based on the principles of participatory epidemiology, 
through consultation with experts, and be applicable in the cultural setting of each 
country. Small pilot studies within the MTM Zone should be conducted to validate 
the approach in the target country, taking into account the different livestock 
industries operating within these areas. If successful, this approach could be used in 
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place of serological surveys until such time that no clinical outbreaks are detected 
within the zone (or within certain areas of the zone). 
9. All MTM member countries should ensure that field veterinary staff are trained in 
outbreak investigation and management (based on the regional training module 
developed by OIE SEAFMD (2009b)) and that the training is refreshed on a regular 
basis. 
10. Resources should be made available for the investigation and management of 
outbreaks. Where minimal resources are available, officers should respond to 
outbreaks to collect a minimal set of key information (including: number of 
susceptible animals, number of infected animals (for each species), possible 
sources of virus and routes of spread to allow tracing of source and spread to be 
conducted) and to implement basic control measures. 
11. Further research should be conducted into the role of sheep and goats in the 
maintenance and spread of FMD in the MTM Zone and areas from which livestock 
are sourced for the MTM Zone. 
12. Further research into the feasibility of conducting a disease control program in 
Central Myanmar should be conducted, including a benefit-cost analysis at various 
levels from the farmer up to the government level, to determine whether a control 
program could be conducted. This should then be presented to potential donors 
(including other member countries of the SEACFMD) to seek support for such a 
program. 
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8.9 Conclusions 
In conclusion, this study demonstrated that the MTM Zone is highly vulnerable to 
incursions of FMD through live animal movement and that FMD should be addressed in 
key, strategic areas along the livestock movement pathway. The overarching conclusion of 
this research is thus that the MTM Zone is not a suitable place to initiate regional control 
of FMD in South-East Asia given that the Zone is largely a destination point for livestock 
and is therefore dependent upon the success of controlling FMD in key livestock source 
areas such as Central Myanmar. 
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